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Ryerson again a. 


sembles complete and 


helpful listings of mor 

than 10.000 steel sizes and 
shapes...puts comprehensive 
information at your fingertips 
.-- helps you order steel. This 
new 1942 Ryerson Stock List ts 


engineered for convenience—quich- 


new tab-indexed, handy pocket size. 
crammed full of facts that will make 
it a steel buyer's “book of know ledge. 
Even though many kinds of steel can- 
not always be delivered promptly, becau- 
of war demands, you can depend on Kyersen 
to help you; to work with you on your stee! 
problems; to give you the best service possible 
in keeping with government regulations 
Make this 100th Anniversary Ryerson Stock 
List your guide—use it. If you have not received 
your copy, write your nearest Ryerson plant. Joseph 
T. Ryerson & Son, Inc., Chicago, Milwaukee, Lou's 
Cincinnati, Detroit, Cleveland. Buffalo, Philo 
Boston, Jersey City. 
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Ingots, risers, and a sprinkling of flux 


Magnesium 


Foundry 


Photographed by 
H. B. Cornelius 


(Courtesy 
The Do WV Chemical 
Company) 


come out as 
landing wheels 
for America’s aircraft 
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OTH molding sand and core 
sand arrive in boxears and 
trucks, to be stored under roof 


in generous bins, later tested, 


formulated, mixed and aerated. 
Man in background is attending 


one of two mullers, each in its 


eylindrical casing, for mixing 


molding sand. Photo at right is 
crane-man’s view of preparation 


unit for core sand. 
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WAY to get that open structure 
qT is and cores required to vent 
ally rapidly ahead of the light 
esium is to use synthetic sand. 
iolding is done with washed silic: 


‘ 80 grain size by American Found- 
rvi ssociation test) mulled with 4% 
he! w bond, and 4% water (total). To 
che poration, some foundries add 1% 
ethv! iveol. A reagent must also be added 


the reaction between the molten 
um, as it enters the mold, and the 
in the sand, and for this purpose a 
mixture of boric acid, sulphur and ammonium 
silico-fluoride wil’ serve; quantity ranges 
from 1 to 10%, going up as the permeability 
of the sand goes down and the size of the 
casting goes up..... Above quantities are for 
all-new sand, and for make-up sand added 
to foundry returns. Some inhibiting agent 
burns out in use and must be replaced; fre- 


may 


moist 


quent chemical analyses are necessary to keep 


conditions constant. 


ORE SANDS also are open, sharp sands, care- 

fully formulated by weighing portions of coarse 
and fine, adding measures of various binders and 
inhibitors, and mixing — all as shown in the view 
at left, below. Core oil that forms a minimum of 
gas should be chosen. Inhibitors are also neces- 
sary. A typical formula is: 1000 parts sand, core 
oil 12 parts, dextrine binder 8 parts, 13 parts sul- 
phur, and powdered boric acid 13 parts, all by 
volume. Properties are a fine balance between 
high permeability to vent gas, chemical inertness 
to prevent oxidation of the hot magnesium, and 
sufficient tensile strength to hold against molten 
metal. Internal cores must also be friable enough 
to crack before the cooling and shrinking casting 
does — also to be easily washed out or shaken out 
in the cleaning room. 


Core making is a fine art, either when the core 
is a thin plate made by hand in a wooden box, 
or a complicated set of spokes made in a roll- 
over machine with metal patterns. Note the 
vertical chill blocks of iron in the big core. 
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ORE MAKING and storage are most important. Surf... 
to be pasted together should first be shellack Patet | 7 
ing can be done with mixture of 1 part tale to 3 apts Vi. 


on t 
mesh sand, to which is added 2% sulphur and 2% | rie ai) , 
then worked into a paste with alcohol and oil. For 2 mo, ther ch 
surface, and to prevent condensation on chills, «ores ,, ” 
sprayed with tale suspended in alcohol containing | 07, peg, z 
per gallon. Storage rooms must be at 100° F. { preven: 
condensation of moisture from the atmosphere. 

br 

Dimensional Accuracy and Strength Require Accurate Baking up to 6 Hr. at 45y | fr 

cu 


Vents in Deep Cores Are Inspected; Gas Must Go Baked Cores Are Rubbed to Accurate Size in Stee 
Through Sand Rather Than Blow Through Light Metal 


j 
> 


aces RI tographs of molds for a large 
teh if heel, made in three-part flasks. 


aly st | e molder is setting small iron 
a chills | a core print, against what will 
her he tl srim. Note print for skim gate 
of the lowest picture. In the 
vat ire a steel screen has been placed 
mi n tl o filter out trapped oxide and to 
brea ddy currents in the inflowing 
met | turbulence, to be avoided at 
sl cos further guarded against by bring- 
ng! ito the mold cavity at the lowest 
point by a ring runner and a series of 
finger s equally spaced around the cir- 


e 


HIS middle view shows one core set in 

the drag. Occasionally certain portions 
need to be sprayed with alcohol and tale, 
and all liquid must then be evaporated with 
a gas flame. In the top view all cores and 
the cheek await placement of cope. Fine 
sand made into paste with a low volatile 
lubricating oil is squirted out in a “rope” 
pi around edges of parting lines to prevent the 
very liquid metal from running out or pro- 
ducing thin fins... . Pouring basin and other 
conditions are so arranged that sprues may 
be completely filled as quickly as possible 
after pouring starts. 
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ORRECT pouring 
temperature 
depends on alloy, 
thickness and weight 
of casting, and may be 
as low as 1400° F. 
Hot metal buggies are 
handy for transporta- 
tion. ...Mold covers of 
sheet metal keep dirt 
out of risers. Generous 
pouring basins provide 
uniform and quiet flow 
into sprues. Covers 
are removed as soon 
as risers are chilled on 
top, and a little dry 
sand spread on two or 
three minutes later. 


BOUT a ton of etal 


melted in the Se fur. 
nace in the backgroun — (shoy, 
in tilted position), | ught | 1 
1300° F., additional {:esh fy 
spread over the pelt and : 


stirred, whereupon the oxig, 
particles sink to the bottoy 
(Flux is a mixture of low met. 
ing point chlorides.) When th 
molten pool has a clear silver, 
luster it is transferred in 175.4 
lots to smaller crucibles, each 
to its own furnace setting, agaiy 
well covered with flux, ang 
superheated to 1650° F. to refin, 
the grain of the casting. Satis. 
factory crucibles are of welded 
flange steel plate, aluminun 
coated outside by sandblasting 
and immersing in molten aly 
minum at 1500° F. for 20 mip 
All oxide and dross must 
cleaned out of these pots befor 
recharging. 
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cleaning operations are 
no different than in other non- 
ferrous foundries. Sand from cored 
holes is conveniently washed out by 
“hydroblast” (a water-sand blast), and 
castings then oven-dried. Sprues, gates, 
runners and risers bulk even larger than 
the shorn casting, and are best cut off by 
a mile-a-minute band saw with coarse 
teeth. Coarse dry saw scruff is swept up 
frequently and stored in covered steel 
kegs until remelted. Face screens and 
fire-resistant gloves are worn generally 
during casting, pouring or high speed 
machining; men should also wear 
smooth clothing and dust themselves off 
frequently. Proper equipment to snuff 
out fires must always be convenient; 
likewise wood must be exiled from the 
premises, because burning magnesium 
can get its oxygen from cellulose... .. 
After rough machining to remove riser 
stubs the casting is pickled to accentuate 


surface imperfections. Buffing (as shown 
at righ!) must be done in booths with a 
powertul air exhaust to draw the metal 
parti down into a niagara of water. 
Grinders and sanders must also be 
exh ed into a spray tank. Such 
sludg nnot be reclaimed; mix it with 
earth bury it. 
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AGNESIUM aircraft and engine 

castings, being articles on which 
no pains are spared to secure highest 
quality, are subject to many auxiliary 
operations. Castings are heat treated 
and aged during a precisely controlled 
temperature cycle to get the requisite 
combination of strength and toughness. 
(A prepared furnace atmosphere con- 
taining 0.55 SO. will prevent surface 
oxidation.) Pressure-tight castings are 
warmed in a vacuum, impregnated with 
tung oil, and cooked in engine oil at 
900° F. to polymerize the absorbed oil 
into a solid. Various chemical treat- 
ments have been devised to improve 
corrosion resistance, or to provide tooth 


for protective paints. 


INAL INSPECTION proportion- 

ately searching. Dimensions are 
carefully checked, and the entire piece 
is searched for any visual defect. 
Numerous castings are chosen, at ran- 
dom, for X-ray examination, not only 
to establish correct foundry practice 
but to insure that it is maintained. 
Likewise occasional samples are cut 
apart and an expert lay-out man checks 
web thicknesses and scribes all princi- 
pal lines and dimensions on the sur- 
faces so exposed, to make sure that 
patterns are correct and the assembly 
of cores has not shifted. S 
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War Products 


Consultation 


Strategic Materials Used in Type Metal 


The Problem 


AS viewed by an executive 


newspaper chain 


HE FIRM which supplies us with linotype 

and stereotype metal has informed us that a 
shortage of tin is impending, and this will prob- 
bly affect the entire printing industry. We use 
standard formula of 3°,‘ tin, anti- 
nony, the remainder lead, in our typesetting 
nachines. For casting semi-evlindrical stereo- 
ype plates used on rotary high speed presses, 
veuse Ho tin, 13° antimony, the remainder 
ead. This metal is supplied to us on an arrange- 
ent whereby we ship all dross and take in 
eturn an equal tonnage of new metal. In 19141 
ve purchased 200,000 Ib.. but as our circulation 
sabout 5% of the total newspaper circulations 
n the United States, we would judge that the 
moual requirements for newspapers would be 
n the order of 2000 tons of metal per vear con- 
‘ining 80 tons (160,000 Ib.) of tin. If the require- 
ments of job printers, and book and magazine 
publishers are included, the needed tornage 
must be considerable. 

Loss of tin in drossage in melting pots is 
largely responsible for our purchase of new 
inetal. Stereotype pots, where the bulk of this 
etal is used, run in capacity from 5 to 20 tons. 
Vouring temperature is approximately 600° F. 
ls there any possibility that silver could be sub- 
stituted for some of the tin, or bismuth for the 


tntimony 


The Suggested Solution 


\\/ MILE SILVER is a successful ingredient 
in substitute solders, one prime essen- 


lial of type metal is hardness, and silver is 


oa good hardener for lead. Bismuth 
weelms to be a more promising ingredient. 

Howey metallurgical science has not 


“advanced to the place where one 
ld make any positive prediction as 


) What the effect of such a substitu- 
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lion would be on metals whose casting char- 
acteristics are so critical as linotype and 
stercotype metal. 

Detailed statistics for use of tin in 1937 
show that about 150,000 Ib. of primary tin was 
used for type metal during the vear, plus about 
live times as much “secondary tin”, presumably 
recovered from drosses. It is probable that 
much of this was absorbed into “standing type”. 
for there should be small loss in the recovery 
of metal from the drosses. In other words, very 
little if any metal is actually consumed in the 
printing business; the type held standing in 
storage against second editions constitutes an 
important reserve in the printers’ hands that 
can be drawn upon to keep the circulating metal 
up to analysis and, indeed, to recover some anti- 
mony and tin for other important war uses. 

Dross (oxide) is produced not so much in 
remelting the metal as when casting and using 
the type. Melting pot dross could probably be 
reduced in quantity by a protective layer ot 
high flash point oil on the molten metal. 

Since any considerable substitution of one 
metal for another usually causes a shortage in 
the substitute, one should also consider the sup 
ply of bismuth. Bismuth is a byproduct of lead 
refining, the metal occurring naturally in’ the 


Linotype Operator 

Photograph by 

Browning, 


\ 
. 
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ore. Its production, therefore, varies with lead 
production, and is now on the order of 2% to 
$ million pounds annually. A few years back it 
was more or less a drug on the market, but more 
recently large amounts have been absorbed in 
“matrix” alloys — low melting metals for grout- 
ing or backing-up dies in holders, and fixing 
finished bearings into journal boxes. It is also 
an ingredient of some of the new solders. 
Assuming that as much bismuth could be 
absorbed into type metal as the new tin used 
in 1937, the 450,000 Ib. would probably lick up 
the visible supply of bismuth in short order. 


Critique by Martin Seyt 
Research Departn ent, Plumbine Smelting Co 


lik ANALYSES for linotype metal and stereo- 
tvpe metal quoted by the newspaper official 
appear already to be quite economical in the 
strategic metal tin, both of them containing sub- 
stantially less than the amount specified by the 
Government Printing Office for its requirements. 
Consequently the chance for further saving of 
lin is not too good. Type metal has been slowly 
developed, by cut and fit, to meet the diverse 
and specialized requirements of the printers 
and, on the other hand, the typesetting machines 
have been adjusted to the available type metal 
alloys. Substitution of any other alloy would in 
all probability be unsatisfactory to the machine, 
no matter how fine the properties of the new 
composition. We have therefore contented our- 
selves in merely accentuating certain very desir- 
able properties and suppressing the undesirable 
properties of the standard type metal. 

I doubtif any of the lead-bismuth alloys will 
have the proper hardness range. They will have 
the low melting points desirable and it is quite 
conceivable that a lead-bismuth-antimony alloy 
could be worked up that had the correct hard- 
ness and melting point, but probably would lack 
the casting characteristics for linotype metal. 

Smiru informs me that he, with J. 
G. THompson at the National Bureau of Stand- 
ards, some years ago studied the effect of bis- 
muth additions to type metals. In general they 
found that the addition of up to about 2° bis- 
muth to stereotype metal had little effect on the 
metal except to improve its casting properties 
and to slow down its solidification rate. This 
metal could also be used in linotype machines, 
but necessitated slower casting rates or some 
additional cooling. Addition of more than 2% 
bismuth very definitely softened the type metals 


; 
and reduced their wearing properti The 
fore bismuth would not be an effect Subs 
tute for antimony in type metals un «ss . 
other hardener is added. 
The lead-antimony-silver allo s at ¢ 
glance would appear to be more pro mis 
although here the cost factor looms lar, 
Nevertheless you will not quite succeed jn » 
ting the melting point low enough to make j) 
very satisfactory type metal. In addition the 
is a tendency for the silver-antimony to disso) 
very slowly upon melting, and consequently | 
tendency to form silver-antimony dross mix 
be quite serious with high speed machine 
Surprisingly enough we find that it is impos 
sible to obtain the hardness values desire 
undoubtedly due to the silver-antimony co; 
plex formed, and this is probably the most se: \ 
ous objection of all. Even 3°% silver increase: 
the hardness of lead-antimony alloys only o 
Brinell number. & p 
fi 
¥ 
Tinning of hs 
Difficult’ Steels 
By W. E. Hoare and H. Plummer : 
Extracts from Publication No. 107 . 
Tin Research Institute 
l 
T HAS BEEN FOUND convenient to class 
mild steels as follows as regards their abil! 
to produce a smooth, even coating: (a) “Norms 
needing only a simple degreasing treatment | 
lowed by normal pickling; (>) “subnormal”, 
ing a modified or intensified degreasing treatm | 
followed by normal pickling, and (c) “difficult 


needing special preparation or else the liquid 


“de-wet”, draw up into streaks or globules 
water on a window glass after a summer 


like tt 


1. Tin mill black plate and sheet made ! 


the hot-pack process generally exhibit 
tinning quality. 

2. Tin mill black plate made by co! 
tion of strip is generally “normal”. 

3. Sheet and strip made by cold | 
and temper-rolled or skin-passed with 
of rolling lubricants may sometimes sh 
“subnormal” tinning quality. 

4. Sheet and strip cold reduced wi 
eants and annealed without an inter 
degreasing operation may (Continued on } 
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Further Alloy 


Conservation Needed 


in Heat Resistant Castings 


AR PRODUCTION BOARD, after add- 

ing up the tonnage for chromium and 

nickel requested for March delivery for 
pressing national needs, and finding that the 
figures were already greater than the amount 
of these two metals available in March, noting 
the increasing trend of demand, and viewing 
with some litthe apprehension the problem of 
building synthetic rubber, high octane gas, and 
magnesium plants, did the obvious thing and 
called a conference in Cleveland on March 31 
of principal consumers of high alloy to find out 
where economies could be made. The chair- 
man, Georce B. Warernouse, executive con- 
sultant to the chief of the Metallurgical Section 
(Iron and Steel Branch) W.P.B., explained the 
urgency of the situation. Our large “normal” 
use of chromium in the high chromium-nickel 
stainless steels for decorative trim on auto- 
mobiles, bars, and dog wagons has been entirely 
discontinued, but some 30° of the low carbon 
md 20°. of the high carbon ferrochrome goes 
lo foundries making heat and corrosion resistant 
castings. These are consumed by the petroleum, 
industrial furnace, chemical, and metallurgical 
industries (roughly in order of their impor- 
lance). Demands are constantly growing, what 
with the large programs of new construction, 
ind the larger maintenance of existing equip- 


nent pressed to capacity. Extraordinary new 


demands must also be met in the remaining 
months of 1942; for instance, some 54100 long 
ubular retorts, each taking 800 Ib. of 35°° Ni, 
I) r, have been requested to equip the new 
m um plants operating on the Pidgeon 
fer con process (see last month’s Mera. 
Pi S, page 3141) and their life is expected to 
bn ionths. 


To arrive at specific recommendations the 
group then split into three, one the petroleum 
engineers, another the industrial furnace build- 
In the 
petroleum meeting it was pointed out that most 


ers, and the third the alloy foundrymen. 


of the high alloy is used in tubular and other 
wrought forms, but even castings bulk large. 
For instance, it was estimated that 2,500,000 Ib. 
of 25-12 Cr-Ni tube supports alone are to be 
made in 1942. It was agreed that every plant 
and every process has its own problems to solve; 
some crudes are corrosive and some are not; 
temperatures and pressures range between 
extremes; consequently regulations of wide 
applicability would be almost impossible to set 
up. It was the consensus, however, that much 
alloy is now being used in supporting structures 
where actual metal temperature is less than 
1400° F., and where a high strength cast iron 
like Meehanite would serve excellently. Finally 
it was agreed that a sizable percentage of the 
anticipated consumption of nickel and = chro- 
mium in all wrought and cast forms could be 
saved by designing plants for a short life (say 
3 to 5 vears) rather than for a long life (say 20 
vears). Consequently it was unanimously rec- 
ommended to the industry that no nickel and 
chromium be used primarily to extend the life 
of new plant beyond three vears, if this can be 
done without increasing the expected “down- 
time” during that period by more than 2‘-, and 
that these same principles be used in the main- 
tenance of existing equipment wherever it can 
be done without incurring delay. 

Similar basic reasoning underlaid the delib- 
erations of the furnace builders and the alloy 
foundrymen. The two meetings reached sub- 
stantially the same conclusions by independent 
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routes. Since the conclusions will be applied Editorial Comment 
immediately to new furnace designs, they are of 
<a vreat interest to users of heat treating and other These recommendations, which wi!) oy; 
< industrial furnaces — who were not represented the minimum requirements of {| \\ 
al the meeting, but who will have to work with Production Board, are apparently based oy 
the new equipment. feeling that the emergency will be of relatiy, 
3 In veneral, the cast parts of furnace struc- short duration, short because the war 1 
tures and handling mechanisms are to be short, or because alloy needs for the h ci 
e appraised by (a) the stresses they have to carry, struction programs are greater than the subs 
(Db) the actual metal temperature and its fluctua- quent maintenance needs, or that much yyy 
lion, and (¢) the cost in time to replace. For chromium and nickel can be secured fy 
example, if the part is difficult to replace but the American mines, or that) serap returns 
¢ lemperature is low, use low alloy or none; if largely bolster our new supplies. The first js 
: the temperature is high, use enough alloy to hope rather than a probability, the second my 
+f insure against production delays. If the part, not come to pass if de-graded castings are p 
on like a work carrier, can be taken from a line into places where they cannot stand the use ay 
and replaced without any delay, use low alloy abuse and require too frequent replacement, t! 
even if it has a short life. Specifically, the third may be a certainty as to nickel in 19} 
preliminary recommendations as to maximum but not for chromium. We can depend on |! 
; alloy tvpe are as follows, wherein type 25-12 fourth. However, even at best there is no all 
permits a maximum alloy content of 28% Cr, to waste and it may be anticipated that W.P.) 
1h. Ni; 85-15 can contain up to 37% Ni, 17% will ban the important alloy types known 
Cr; and 65-15 can have 685. Ni, 19%. Cr. NC-2 or HW and NC-1 or HX except wher 


can be proved that nothing else will serve 
Type Alloy (Maximum) for Furnace Parts Correct usage of available allows, let it ty 


repeated again and again, is not to be insure 


I. For Furnace Parts Other Than Containers by governmental regulations bul by the care/ 
and Heating Elements (oxidizing or reducing engineering of each installation. One gathers 
atmosphere, and which are not subject to steep that this has not vet been done on the retorts 
temperature gradients, fluctuations or quenchings ). for the Pidgeon magnesium process. A process 

— Which is not much beyond large scale expe 
MPER Non-IN entatio is. being agnifies housands  o! 
RANG PAnrs limes, and a retort that has worked 
Up lo So r. Non- lloy Non-alloy mentally has been proposed. Design of this 
Sol to 1200° F, Ni Cr Non-alloy li 
1200 to 1400° F. Cr 250, Ni 12 Ni + Cr < retort, its setting, its heating medium, tts mor 
a 1400 to 1900° F, Cr 25%, Ni 12% Cr 250. Ni 120 of operation none of these has vet ber 
Over 1900° F, Cr son, Cr lo scrutinized by expert foundrymen, furna 


I. For Parts Subject to Carburizing, Nitrid- builders, and alloy steel metallurgists. Ma 
39-15 is more alloy than is needed (the mag 


ing. “Dry Cyaniding” 

; Ni 35%. Cr 15! nesium on the inside doesn’t attack plain stee! 

a Exception: Rotary retorts, 65 Ni, 15 Cr Wouldn't a clad or lined tube save much of th 

J Il. For Severe Chemical Corrosive Attack allov? As a matter of fact, the Electro Metal 

Ni Cr Lo’ lurgical ferrosilicon process, which hes 

a IV. Pots for Molten Baths been operating experimentally for months, uses 

<A Up to 100° F.; Non-alloy no alloy at all for the retorts. 

yi \ Petroleum, chemical, metallurgical and 
nace engineers can and will gladly save muc! 


Electrical elements operating up to 
5m valuable chromium and nickel by refining | 


F.: Ni 65°. Cr 15° 
Above 1200° F.; Ni S00, Cr 20 
Fuel fired radiant tubes: Cr 25°, Ni 


designs and making the alloy work at its may 


mum. They know how to do it; they kne 
limitations of their metals and the ne 


VI. Quenching Fixtures and Hearth Plates 
Above 1200° Ni 385°, Cr their processes. However, they don't wan! 
Vil. For Mechanical Stress. Above 850° F. savings wasted in extravagant expenditi 
Concentrated stress; Ni doo, Cr 15 another construction, no matter how 
Less critical parts; Cr 25°, Ni 12 new product may be to the national effort. 
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Committee to W.P.B. 
; Ainerals, 
erals and Ferro-Alloys Group 


Gilbert E. Seil, Chairman 


HROME ORE is essential to industry as 
now conducted. Before being consumed, 
it is converted into three major groups 
of products: Ferro-alloys, refractories, and 
chemicals. By far the greater portion of the 
requirement is for ferro-alloys; it varies with 
the rate of operation of the steel industry and 
e proportion of steel going into machinery, 
tools, and war equipment. The next largest 
save for the ore is in the manufacture of spe- 
cial refractories, and this also depends on the 
rate of operation of the steel industry. Chro- 
mium chemicals are used for manufacturing 
dyes, for tanning leather, for chromium plating, 
ind in many miscellaneous fields, 
Fhe sources of chrome ore for metallurgical 


purp ses are 


Brazil Greece India Russia 
Philippines (high grade) Sierra Leone 
Rhodesia Turkey Serbia 


Chrome ore for refractory purposes comes from 
Cuba Philippines Rhodesia 
Greece Sierra Leone 
For chemicals, suitable ore is mined in 
Canada Greece Russia 
New Caledonia Serbia Sierra Leone 
Philippines (high grade) rurkey 
thodesia Transvaal 
ks of Chromite as of September 19, 1941 
otal stocks in the country, including 
plus industry's, have increased 
‘0,000 tans in the last 12 months. During 
e period, consumption has increased 
1.000 tons. For the last several months, 
‘tion has been approximately equal to 
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Chrome Ore, 


Its Conservation 


and Substitution 


supply. A significant point, which possibly will 
not be indicated till the end of 1941, is that 
during the next 60 to 65 days we expect to clean 
up all surplus stocks in the world, except for 
Masinloc refractory chrome, and thereafter we 
shall be on a current production basis. Except 
for increased production in the United States 
and Alaska, we cannot expect to increase our 
foreign supply appreciably, regardless of the 
shipping situation. 

Contracts and deliveries of chrome ore to 
the Metals Reserve Co., as of August 19, 19141, by 
states and countries of origin, in long = tons, 


were CONTRACTS DELIVERIES 
United States (California) 108.000 
Other countries 
New Caledonia 10.000 
Philippine Islands 166,000 8.000 
Union of South Africa 160,000 35,260 
Total chrome ore 144,000 13.200 


The stocks of chromite at the end of August, 
1941, in the hands of consumers and brokers 
amounted to 604,718 long tons, plus 5,620 long 
tons on hand by domestic producers, a total of 
H10.368 long tons. 


Ferrochromium 


The table on page 504 shows our produc- 
tion of ferrochromium for various vears, 
together with the tonnage of ores required. 
Statistics for ferrochromium include all grades 
containing 70° chromium. The last column is 
the equivalent consumption of metallurgical 
ore, also in gross tons, containing 

The distribution of metallurgical ore, in 
1910, by fields of use in the United States, was: 
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GRosS TONS ORE 
For low carbon ferrochromium ( <2% C) 
For steels containing more than 4% Cr 105,000 
For other purposes 7,000 
For high carbon ferrochromium (>4° C) 
For machinery steels, tools, armor, ete. 73,000 
For alloy exported to Great Britain 


High and low carbon 15,000 

For direct reduction in the manufacture 
of stainless steels 20,000 
Total 220,000 


Low Carbon Ferrochromium— It will be 
noted from the above table that a large part of 
the low carbon ferrochromium is used in the 
stainless steel field — that is, for steels contain- 
ing over 1% chromium. This alloy must con- 
tain a very low carbon content in order to 
produce steels of a satisfactory grade. Low 
carbon ferrochromium is used for other pur- 
poses, but it will be noted that the total tonnage 
is relatively small. 

Because the consumption of chrome ore 
that ultimately finds its way into stainless steel 
is so preponderant, the following tabulation was 
prepared to show the equivalent amount of ore 
used through the medium of stainless steels in 
various fields of applications: 


Ore Consumption in U. S. in 1940 for Stainless 


Ont 
USE Per Centr Gross Tons 

Automotive 37.8 47,000 
Food handling 11.4 14,000 
Transportation i. 14,000 
Chemical equipment 6.3 8,000 
Machinery 5.7 7,000 
Household 3.0 4,000 
Building construction 1.6 2,000 
Oil industry (4 to 9% Cr) 8.0 10,000 
All other 14.4 19,000 

Total 100.0 125,000 


High Carbon Ferrochromium — High car- 
bon ferrochromium is used for the manufacture 
of steels for the automotive, machinery and tool- 
steel fields, and is the grade used for the pro- 
duction of armor plate and most other steels 
which find their way into the war program. 

Manufacture and Consumption — Granted 
the knowledge of manufacturing technique 
which exists among the present producers, the 
only requirements for the production of ferro- 
chromium are a suflicient electric furnace 
capacity for conversion of the ore to alloys and 
an adequate supply of suitable ore.  Ferro- 
chromium was produced in the last quarter of 
1940 at nearly 2!. times the 1939 rate, which 


rate in itself was the highest on record, but the 


rate of consumption of the alloy was sti! jjghe, 
This increased consumption was accor lished 
only by drawing on accumulated stoc! | gino, 
the installed capacity for manufacturin ferry, 
chromium at the start of 1940 was not s: jicien) 


to produce the alloy at the rate at whic! jit was 
consumed during the last quarter. Howey, 

additional capacity was installed durin» 194 
so that at the start of 1941 the ability to produc 
the alloy had been increased to approximate) 
150,000 tons annually. Manufacturing capae. 
itv now under construction will add about 40,00 


Ferrochromium Production in the United States 
(in long tons) 


70% Frerro-| 48% Orr 

YEAR 
CHROMIUM | EQuIVALEN 
1929 35,000 88 000 
1936 40,000 100.000 
1937 45,000 112.000 
1938 20,000 50.000 
1939 50,000 125.000 
1940 80,000 200.000 
1940 last quarter, at rate of 120,000 300,000 
1941 (estimate) 160,000 400.000 


tons of alloy, some of which will increase pro 
duction during 1941, and all of which will be i: 
operation on or about Jan. 1, 1942. At that 
time the industry will be in a position to pro- 
duce 190,000 tons of alloy per year. 

During 1939 the total consumption of al! 
ferrochromium in the United States, which o! 
course was for civilian use, amounted to 50,00 
long tons. In 1940 consumption was running a! 
about the same figure until the latter part o! 
the year when there was a very heavy upsurg' 
of business. Increased use of chromium fo 
civilian purposes, due to its substitution for 
nickel, the construction of chemical plants, tool- 
ing up of new industry, and expanding airplan 
construction, is estimated to have doubled this 
consumption, so that it now is running al tl 
‘rate of 100,000 tons a year. It has been est- 
mated that ordnance consumption of terro- 
chromium during 1941 will be 30,000 to 10,008 
tons, and in 1942 it may reach 60,000 to 50,000 
tons. Thus the production and consumplon 0! 
ferrochromium are about balanced for 1911, ane 
the increased producing capacity will just 2ou! 
take care of the anticipated increased cons mp 
tion in 1942. In any event, if the ord»anc 
demand for chromium increases more (18! 
anticipated, as could possibly happen th: ug 
additional use of stainless steel in airplane . th 
chromium needed for this purpose sho 
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vilian uses. In view of the heavy 

for imported chrome ore to sus- 
sent production, and the limited 
vroducing chrome ore in the United 
iid seem unwise to contemplate any 


ase in the industry. 


Metallurgical Ores 


been customary to class chrome ores 
wie srades: (a) Metallurgical, (b) refrac- 
ec) chemical. Metallurgical ore is of 
the h st grade both with respect to its 
chromic oxide content and 
is high ratio of chromium 
i) iron. To be classed as 
“metallurgical”, the ore 
must contain about 48% 
a chro- 
mium-to-iron of at 
least 3:1. A division of this 
kind is largely arbitrary, 
ind does not imply that ferrochromium cannot 
from 
“refractory” or “chemical”. 


(r.0. and have 


ratio 


be manufactured ores now classed as 

Leaving out all question of ore beneficia- 
ion, the effect of a 
ratio than the standard 3:1 is simply to produce 
| ferrochromium of lower chromium content 
manufacture per 
Whereas the 3:1 


ratio will produce an alloy of about 70° chro- 


lower chromium-to-iron 


ind to increase the cost of 


pound of chromium content. 


mium content, a ratio of 2'.:1 will lower the 
chromium in the alloy to about 65%, and 

2:1 will lower it to about 60°. Since it 
will cost about the same per pound to 
produce the 60° chromium alloy as it 
will to produce a pound of alloy contain- 
ng 70°. chromium, the cost of produc- 
tion in the case of the lower grade will 


be increased about one-sixth. 


IODA 


In a like way, ores of less than the 
standard 48°% chromic oxide content can 


be converted into ferrochromium but at 


in Increased cost. Limiting the discussion to 


ores containing 35° or more of Cr.,O, (a figure 
which can be reached in most instances by con- 
centration), the cost of smelting will be roughly 


versely proportional to the chromic oxide 
ont that is, it will cost 20°. more to con- 
vert chromic oxide content ore to alloy 
thay standard 48% ore. It must be borne in 
mine wever, that the chromium throughput 
f t] rro-alloy plant will be reduced propor- 


when either lower chromium-to-iron 


April, 1942; 


Sull, 
under emergency conditions practically any 


‘atio or lower grade ores are smelted. 


chrome ore can be considered as available for 
conversion, 

In a war-time economy the chief question is 
The 


practice of using chrome ore direct in the steel 


economy in the use of strategic materials. 


furnace to add chromium to the steel is not 
followed except in the single instance of the 
Rustless Lron Corp., manufacturers of stainless 
From the little that has been published 
on the process, it is believed that its economies 


steels. 


depend on the availability of cheap stainless 
scrap. The over-all recovery of chromium is 
not as high as in the ferrochromium process 
and the operation uses a substantial amount of 
ferrosilicon. 

Another recently developed method of add- 
ing chromium to steel is the use of exothermic 
These are offered in two varieties, 
The high carbon variety 


briquettes. 
high and low carbon. 
is a briquetted mixture containing, among other 
things, ferrochromium and sodium nitrate. The 
low carbon variety is a similar mixture without 
carbon, but containing calcium chromate. 


Refractory Ores 


In the refractory field the chemical com- 
position has very little to do with the quality 
of the ore, since refractory usage requires chem- 
ical inactivity while the metallurgical and 
chemical usages require chemical activity. Pres- 
ent practice in the refractory 
field is predicated on the use 
of ores too low in chromium 
make them 
economical for metallurgical 
The grain 


to desirable or 


or chemical use. 
size of the chromite in the ore 
is important in the refractory 
field but not in the other two 
fields. Ability to grind to a 
definite mesh ratio, a definite 
particle shape, and a definite surface condition 
are essential to refractory ores. These proper- 
ties cannot be determined easily in the labora- 
tory. As a matter of fact, to determine whether 
or not an ore is suitable for refractory purposes, 
refractory products must be prepared and their 
quality determined in actual tests in the field 
in which they are used. 

Since chrome ore is used in several types 
of refractory products, such as brick, cements, 
maintenance grade ore, ground ore, and plastic 
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mixes, no one grade of chrome ore is applicable 
lo all. 

At the present time there is approximately 
6 Ib. of chrome ore used as refractory in the 
production of each ton of steel, therefore an 
85,000,000-ton vear of steel production will 
require 250,000 tons of refractory chrome ore. 
Hlowever, the use of chromium refractories is 
increasing, and as the furnaces are pushed for 
increased production the use of chromium 
refractories will be appreciably higher than 6 Ib. 
per ton of steel; therefore, the U. S. require- 


ments for refractory chrome ore are expanding. 
Chromium Chemicals 


Specifications for chemical chrome ore 
vary, and choice is usually governed by cost per 
“unit of Cr.O,” [one unit is 20 lb., or 1° of one 
ton| delivered to the chemical plant. Ores as 
low as 42% are usable. Relatively large stocks 
are in the hands of producers, and their present 
position is not unsatisfactory. If imports are 
cut off, supplies should be made available from 
domestic deposits as early as practicable. 

Chemicals made are principally the chro- 
mates and bichromates of sodium and potas- 
sium. Needed amounts of chemical ore were: 


1939 72,939 long tons 44% ore 
1940 94,820 
1941 113,786 


While chromium chemicals, owing to their 
many uses for tanning, pigments, and textiles, 
are significant in industry’s contribution to the 
war program, they are not used directly or sub- 
stantially in the manufacture of armaments, as 
are the metallic products of chromium, such as 
ferrochromium. While the domestic demand 


Chromium Recovery 


BOUT a vear ago the German publication 
Stahl und Eisen printed two papers and 


for chemicals has increased considers |)ly 
the outbreak of war, the increase is diye 4, , 
general high levels of industrial operation 


Summary 


From the foregoing it is evident tha) 
following quantities of ore will be requires 
support the industry at the rate at which jt 
be producing in 1942: 


For metallurgical purposes 475,000 gross} 
For refractory purposes 250,000 
For chemical purposes 115,000 


840,000 

There is considerable increased activity 
the extraction of low grade domestic chr 
ores. It would be too optimistic to anticip 
that domestic production could be increas 
beyond about 200,000 tons per vear. Import 
ores have been arriving to date (October ¥ 
1941) at about the rate at which they are bein, 
consumed, and the stocks are reasonably lary 
It is quite evident, however, that should | 
importation of ore be curtailed, the stock 
together with the ore that can be produced 
this hemisphere would not last us for more th 
about a vear. It seems imperative, theref 
to maintain the flow of ore into the United States 
from foreign sources. 

The grade of a metallurgical ore or o! 
chemical ore is determined by the chemica 
analysis, while the grade of a refractory ore \s 
determined by its size and refractoriness, Th 
chemical analysis does not enter into the grad- 
ing of refractory ores, and therefore chemical 
grades and metallurgical grades cannot be used 
as substitutes for refractory grade ores. § 


n Basic Openhearth 


data for steels containing up to 1‘. chrom 
made in the basic openhearth furnace. 


lengthy discussion on the proper steel GeorG Rockroue said that several years age. 
making technique for the maximum recovery shortly after the study was initiated at Obs 
are at a fairly accurate 
of chromium charged as alloy serap, and the Works, it became apparent that a psig. | 

but very rapid analytical method for chromium 
recovery of chromium added as ferro shortly y ral iste, 
Was necessary, in order that the experimenters 
before tapping. Since American steel makers tel 

would know the conditions in slag and metal 

should) be interested in the conclusions for 
hicl aT the heat progressed. This was achieved by § 
exactiv the si reason whic yromptec titral- 

vil uch prompt the close study of an old volumetric method o! itral 
Germans to study the problem namely, a ing with KMnO,. By finding the minimum time 
shortage of the critical metal chromium — a for the various reactions, the exact amornt o 
rather full abstract is now presented of the reagents and the best apparatus, the time. spoo" 

letal Progress: Page 506 

a: 

a 


} 
| 
| 
. ef 
/_\ 
| } 


Rh 
uy 


port, was cut to about 15 min. A pro- 
nomic advantage that has resulted is 
nay be consistently produced on the 
the specified range of chemistry. 
int that makes much alloy steel will 
ium in all melts, due to chromium in 
chromium in bought alloy steel scrap, 
ium picked up from furnace lining. 
rl tic recovery of this chromium is quite 
as the recovery from ferro. 
behavior of chromium in the charge is 
manganese during the heat; the amount 


fol um in the bath increases, decreases or 
, nstant in the same way as manganese, 
let ting on whether conditions are reducing, 
id ying or in equilibrium. Decrease and increase 
th hromium and manganese contents of the 


early always set in at the same moment. 
Figure | on page 508 shows relationships for a heat 
uced from the start that is, one in which 
both manganese and chromium continue to 
increase in the metal (and to decrease correspond- 
ingly in the slag) from the first sample to the last. 
Figure 2 shows the usual course of melting in 
which, because of oreing, manganese and chro- 
mium in the bath decrease at first but then rise 
when reduction begins. Figure 3 shows an unus- 
ial ease in which chromium does not increase 
dthough the melt is reducing satisfactorily, as 
ndieated by increasing manganese; this is because 
here is relatively little chromium in the system 


m” (Opening the Tap Hole) as Photographed by 


Hutchinson for Colorado Fuel & Iron Products Co. 


and most of it is already in the bath. Figure 4 
illustrates the opposite case in which the charge 
contained much chromium and littl: manganese: 
manganese in the metal then remains almost con- 
stant while chromium increases as it is reduced 
from the slag. 

In these examples, the final residual chro- 
mium is from about 0.3 to 04° 
conditions shown in Fig. 3, where there is little 


except under the 
chromium in the charge. The recovery of alloy 
from the charge is greater, the more extensive the 
reduction, and may amount to 85% of the chro- 
mium; it becomes smaller in’ percentage with 
increased amounts of chromium in the charge (the 
same as for manganese). 

The influence of the lime-silica ratio was 
derived by A. 
number of heat logs as follows: 


Risrow from the study of a large 
“ra) The average 
lime-siliea ratio during the time when chromium 
is being reduced (transferring from slag to metal 
bath) was 1.59 to 2.3 for slags containing 7.5 to 
of iron; and (b) the average lime-siliea ratio 
was 2.48 to 2.77 in heats wherein the chromium 
content was decreasing after having reached a 
maximum, and the iron content of these slags was 
between 10 and 11% in these cases.” 

In the discussion it was pointed out that the 
low lime-silica ratios could not be used in practice, 
“because such acid slags must be avoided for qual- 
ity reasons”. It might also be remarked that the 
practice of reducing manganese or chromium from 

the slag is unusual in American basic open- 

hearth practice, because the conditions which 
seem to be necessary for any substantial redue 
tion are apt to lead to a high phosphorus steel. 

It is possible that some of the German plants 

making alloy steels may be using Swedish iron 

or iron made from Swedish ore together with 

selected alloy serap so that the phosphorus on 

the charge is very low. In electric furnace 

practice we do, of course, recover chromium 

from the serap and also obtain” practically 
complete recovery of chromium from the added 
ferrochromium. 

The influence of temperature and the rate 
of decarburization was also commented on, 
Thus, A. Munp of Diisseldorf said that if the 
temperature during the boil is raised as high 
as the furnace refractories will stand, then the 
chemical conditions approach equilibrium and 
the chromium and manganese contents reach 
a steady maximum, It is therefore possible to 
attain O40 of residual chromium consistently 
in the steel when using charges with 0.6 to 
0.7° chromium. High rates of decarburization 
result in better recovery of chromium, prob- 
ably because a high rate of decarburization 
heats 


improves the reduction, and because 


which are reduced satisfactorily have a high 
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Carbon in a Heat That Ils Reducing Since the Start 


recovery of the ferrochromium that is added later. 

However, if the charge is too rich — especially 
in high chromium scrap — the heat is apt to melt 
soft. If this happens proper reduction, even with 
immediate carburization, is rarely attained. The 
carbon content of the charge should be at least 
0.0 to 0.6 above that of the finished product. 

Returning to the investigations described by 
Rockrour, only a few heats reasonably free from 
chromium were studied. When such heats are 
made, however, the recovery of chromium from 
the ferrochromium is lower than when the charge 
contains residual chromium — at least in the range 
of steels studied, containing 0.5 to 3% chromium 
and 0.1 to 0.55° carbon. Conditions prevailing at 
the beginning of this investigation showed an 
oxidation loss of 380° in casehardening steels 
melted to 0.1386 carbon, decreasing to 17% in heat 
treatable steels with 0.55% carbon. This does not 
include steels containing about 8% chromium 
which show higher losses. 

Turning now to the nature of the slag, Max 
Hauck of Westphalia described a research during 
1936-39 on 20-ton basic openhearth furnaces mak- 
ing chromium and chromium-nickel steels of 
040° max. carbon. Chromium was added as 
lump ferro containing 2% carbon. The quantities 
of slag were kept as constant as possible at about 
12°. by weight of the steel produced. Recovery 
of chromium was calculated from the preliminary 
analysis just before adding the ferro and from the 
ladle analysis; thus the chromium reduced from 
the slag between the start of the boil and the addi- 
tion of ferrochromium was allowed for. 

Recoveries were best in the heat treatable 
chromium-nickel steels with 0.20 to 0.40% carbon, 
next in casehardening chromium-nickel steels with 
0.10 to 0.17% carbon, and least in casehardening 
chromium steels with 0.10 to 0.15° carbon. 

High basicity of the slag results in high oxida- 
tion loss of chromium. This is reduced with 
decreasing CaO SiO, ratio until the value of 3.0 is 
reached, beyond which no influence was found. 
In this respect the slag conditions check with those 


noted above for reduction of chromium d ing 
refining stage. Attempts to correlate omiy, 
losses to FeO in the slag gave ambiguous resy)) 
If there is considerable chromium in  ¢ 
derived from alloy in the charge, the © ecepyo, 
from ferro is also improved; 1% Cr in ‘he g 
increases recovery from the ferro by about 1) 
The effect of time in the furnace alter 4, 
addition of ferro was also studied. It was nos, 
that the losses are considerably greater during 4 
first 10 min. than in the next 10 min. This jp 
cates that the slag quickly becomes enriched 
chromium, after which the loss of alloy from 
steel per unit of time becomes smaller. Hot he»: 
dissolve ferrochromium more rapidly, so that ¢) 
time interval before tapping can be shortened. |) 
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Fig. 2 Usual Course of Melting, Wherein the ! 
First Loses Cr and Mn and Then the Slag Loses Th 


is also thought that preheating the ferro ma) 
increase the rate of solution and thus reduce th 
time in the furnace, thus effecting a_ furthe 
economy of perhaps 10° — although this was 
doubted by others. 

In this connection, Rockroue said he held th 
opinion for some time that the size of the lumps 
of ferrochromium had an effect on the oxidatio 
loss, since unusually high losses followed the us 
of lots containing very small lumps. More caretu 
observation failed to justify this opinion. 

Returning again to Havuck’s studies, he founc 
that deoxidation of the bath with spiegel betor 
ferrochromium was added gave a very good reco’ 
ery of chromium because of the combined salutary 
effects of carbon and manganese. Additions 
ferromanganese were small since mangan 
kept a little below 0.5% in casehardening stee!s 
and a little above 0.5% in heat treatable steels 


Preliminary deoxidation of one heat with tert 
silicon also gave high recovery of chromium 
Actual figures for recovery from ferro We! 
also given. For the majority of heat tr ible 
steels chromium recovery was about 74 iter 


20 min. (the average time from addition to 9p 
When casehardening steels had the same F< 
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130 Lb Lime, 


110 Lb FeMn 


Their Relationship to Lime-Silica Ratio in the Slag 595 Lb Ore 44 1DA/ 
« the recovery of chromium was only 50 6b | + 
19 um recovery was higher, however, in ty S | 
* ilvbdenum steels than in chromium- & & " 3 
eatable steels, probably due to a well- 
mdition inherent in a relatively high Ss = 
ntel manganese; in this case preliminary 330 
leoxid with 10% ferrosilicon does not cause 
S) irizing the studies on recoveries from Sa ied 
ero. Havew said that the chief factors are the ~ 
leare deoxidation before addition of ferro- 
hromi time from addition to tap, and the 0 0 
eopmulation of chromium in the slag before the addi- 
». Temperature cannot be used as a variable, because 10 
: is controlled by considerations of pit practice responsi- 
ble for quality in the ingot. 
Rockrour’s investigations also extended to the final 08 
stage when additions are made. He noted that a large 
slag volume inereased the losses of chromium. When ® 
this slag volume was more than normal (8% of the steel) 8 Qé 
lue primarily to the use of sand-cast pig, part of the slag & 
vas skimmed off — an easy matter in a tilting furnace. S04 
Ihe course of the reduction reactions is seldom inter- + : 
rupted by skimming some of the slag. This scheme < 
oved successful, the oxidation loss of chromium was 02 
listinctly lowered and because of a more regular loss the 
0 


3-~ Course of a Low Chromium Melt 
—— Time of Heat, Hr 
| 
3 H. Harr of Bochum reported on operations in 
IS S 3S = S a plant producing several thousand tons monthly 
8-S of “hard chromium steel” (ball bearing analysis’) 
= using the pig-and-ore process. The slag is entirely 
20404 free from chromium but the oxidation loss of ferro- 
chromium is especially low because the amount of 
_, slag and its basicity are very low. Thus the recov- 
— a i ery of chromium is regularly 85.5 to 86.5%. 
330 400 430 500 530 539 Summarizing, the most favorable conditions 
Time are obtained when the (Continued on page 582) 
exact adjustment of the final composition was Fig, 4— Course of a High Chromium, Low Manganese Heat 
lurther improved. 
Losses in chromium at Oberbilk are now 100 8 
ihout 75% of those experienced before this investi- 080 
gatic In addition there is considerably greater = 
uniformity in the chromium content as shown by 060 Ss 
ladl ilyses. Examples cited indicate an \= 
eXpec recovery of 35° of the chromium in the = 040 Mn- > 
charg vhen it averages 1.0%) and a recovery of 
| the average chromium content of the S020 
chars ).00%. In either case the residual chro- cr 
just before adding ferrochromium, 800 B25 930 700 4930 7700 
and | the latter reaches the ingot. Time 
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VWETALLURGIST who has achieved suc- 
cess and maintained a position of leader- 
ship over a long period of time is ALBERI 
wron Were. Although well known for his 
vk as a teacher and consultant in the field of 
clallurgy, vet perhaps many of the thousands 
new members of the American Society for 
Metals do not realize that he was among the 
rst to exert an effort which finally resulted in 
formation of the present society. Professor 
Vue contributed a considerable — perhaps 
e necessary — share in bringing together two 
uall societies which finally were welded into 
r present group. 

\n example of the difficulties which this 
uation imposed on him might be interesting. 
so happened that the headquarters of the one 

croup, the American Steel Treaters’ Society, was 
Chicago, while the other competing organiza- 
nm known as Steel Treating Research Society 
utered in Detroit. Waurre tried to get a repre- 
vntation from each group to meet with the 
ver either Chicago or Detroit, but the 
etrowt group refused to go to Chicago and the 
‘hicago group refused to come to Detroit! 
wally he suggested Battle Creek, about half 
vay between the two cities, and both agreed. 
Atserr Wuerre’s credit is the evidence that 
ce the two groups got together he kept them 
gether. As a result of these efforts and because 
his technical and scientific prominence he 
is chosen the first: president of the amal- 
sumated society, then known as the American 
Society for Steel Treating (1920). Somewhat 
‘ter he again served his profession as president 


‘he American Society for Testing Materials 


Born at Plainville, Mass. on March 12, 1884, 
son a carriage builder and of American 
‘Tents, Albert received his early education in 
videnee, R. 1. and his university train- 
Frown University (B.A. 1907) and one 
| graduate work at Harvard. He was 
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honored by Brown in 1925 with the honorary 
degree of Doctor of Science. 

Wurre began his professional career at the 
Jones and Laughlin Steel Co. where he spent 
three vears in charge of research before coming 
to the Chemical Engineering Department of the 
University of Michigan as an instructor in 1911. 
He has been continuously connected with the 
University since that time except for the period 
of the first world war. During these vears he 
served his country in the Ordnance Department. 
He began as Captain and in a few months was 
promoted to Major and finally became Lt. 
Colonel, head of the Metallurgical Branch of the 
Technical Staff, Ordnance Department, U.S. A. 

Upon his return to civilian life, Prof. Worn 
organized a new department at Michigan known 
as the Department of Engineering Research and 
has been its director since. His idea was to 
make available to industry the large group of 
engineers and specialists who make up the engi- 
neering faculty at the University. Largely as a 
result of his efforts the present practical plan 
for carrving on research for industry at the 
University has been evolved. It is good for both 
industry and university, since it brings theory 
to the former and practice to the latter. Pro- 
fessor Wuerre has given much time to teaching, 
as well, and a long line of metallurgical prac- 
titioners bear credit to his thorough grounding 
and inspiring example. 

E. Wurre has been a consultant to 
quite a range of industries. One of those with 
which he has been connected for more than a 
quarter of a century is the Detroit Edison Co. 
This has led him into the field of specialization 
for which he is perhaps best known, namely, 
the application of metals for power plants and 
for use at elevated temperatures. Results of his 
work in this field are known to engineers in the 
power plant industry and to metallurgists in 
various fields, since he has published something 
in excess of 35 articles in the technical literature. 

In his leisure hours he may often be found 
on some golf course near Ann Arbor or in his 
“hideout” on the Huron River —— a comfortable 
cottage without telephone connection. It is here 
that he keeps his treasured collection of Currier 
and Ives prints. But ALsexr Wuere is not at all 
the type that wants to be alone. Perhaps no one 
loves good company better than A. E., and few 
are as good company themselves. He has an 
intensely human manner and he radiates a 
genuineness of character instantly felt by those 


who meet him. 
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By H. C. Disston 
Manager of Steel Sales 
and J. K. Desmond * 


Sales Metallurgist 
Henry Disston & Sons, Inc. 
Philadelphia 


ECESSITY of conserving certain strategic 
elements for the national armament pro- 
gram is forcing toolsteel producers to 

review many of their alloy grades to deter- 
mine in which cases the use of alloys gives a 
real rather than a fancied advantage. Such a 
re-examination of hobbing steels used by the 
plastic industry, which our laboratory has 
recently completed, has produced some inter- 
esting evidence that plain “iron” (in reality, a 
very soft steel properly produced and carefully 
heat treated) may be an entirely satisfactory 
material for many plastic molds where alloy 
iron has been used in the past. We shall com- 
pare the merits of the two different materials 
by appraising their ability to meet the fol- 
lowing requirements: 1. Cleanliness. 2. “Hoba- 
bility’. 3. Hardenability. 4. Freedom from 
distortion. 5. Long life in service. 

1. Cleanliness. By cleanliness is meant not 
only freedom from dirt and non-metallic inclu- 
sions, but also soundness — particularly towards 
the center of the bar. Porosity, splits, slag or 
other internal defects obviously spoil the highly 
polished finish necessary in plastic molds made 
of either low carbon iron or alloy steel. Both 
grades of hobbing material must be clean. By 
disk inspection we observe that iron, properly 
melted, is equal to the alloy in this quality. 

2. Hobability. The fact that low carbon iron 
is superior in hobability or ductility is widely 
recognized. The table at top next page gives 


Soft Stee fo, 


Plastic Mold; 


the depths of cavities hobbed into fully anneale: 
iron and low carbon nickel-chromium steel 
three hobbings, using the same three pressures 
on each material. 

The superior hobability of the iron as shoy 
in this table may suggest that low carbon in 
molds would therefore sink more readily und 
the compressive load of service than would al), 
molds. The usual working pressure for mos 
plastic molds is only from 1 to 2 tons per sq 
(2000 to 4000 psi.) on the surface of the cavil: 
Iron and nickel-chromium test pieces, treated 
simulate the core strength in finished molds 
show that iron has an elastic limit of 44,000 ps 
and the alloy 64,000 psi. The iron is stronge! 
then, by ten or twelve times than is needed | 
prevent permanent set under the mold cavil 
from the service loads usually employed. 1! 
low carbon iron should, in fact, have sufficien' 
strength even for the occasional mold whi 
works under pressures up to 15 tons per sq.i! 
Beyond this pressure molds cut from speci: 
steels not discussed in this paper are general) 
used. The difference between the inherent! 
strength of the iron and of the alloy may 
safely disregarded for this special service. 

3. Hardenability. Both the hobbed ircn ane 
the hobbed alloy grades develop grain grow! 
after heating strained material below its crt: 
cal range. The large grain areas are structurall) 
weak, and this condition can adversely afle 


the support beneath the cavity of the finished 


mold, This undesirable grain growth ‘s mor 
troublesome and less easily corrected in lov 
carbon iron than in the low carbon al! 

*With acknowledgments to Ertrc MEY! 


superintendent, Mack Molding Co., Wayne, J., | 
suggestions and production information. 
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Contrasting Types of Material for Plastic Molds 


ANALYSIS DepTu AT PRESSURES TOTAL 
: : — Darra HOBABILITY 
C MN SI NI Cr No. 1 No. 2 No. 3 
R 0.10 0.20 0.20 sence er 435 1.025 1.774 3.234 in. 100% 
Alloy 0.08 0.43 0.13 1.30 0.56 | .352 080 1.044 1.976 in. 61% 
= 
ora | with proper heat treatment, as we iron, it requires 1700° F. to refine the structure. 
shall y later in this article it can be com- We suggest that this temperature or a higher 
plete! dicated. one, possibly 1750° F., be used during the car- 
fhe first photograph shows the large grains burizing process; it will not only erase the weak 
which grow in a zone around and under a cavity grain area but also impart a deep case. With 
when a low carbon iron or alloy is heated to a the alloy die steels, a lower temperature, which 
emperature under its Acs critical point. In the the die is likely to receive during some process 


case of pure iron the Ac; point is very high, 
pproaching 1670° F. In the various alloys the 
Ac, point is generally much lower, between 1525 
ind 1600° F., depending on the analysis in car- 
bon and alloy. The second view shows hobbed 
material which has been improperly annealed 
(that is, heated under the Ac, critical point) by 
both the steel manufacturer and the mold man- 
ufacturer. The very large grains on the top and 
lower edge of the cut specimen were principally 
developed by long annealing in the steel mill of 
a surface-strained bar. Around and under the 
cavity large grains have developed in the area 
strained by hobbing. 

That the large grains can be eliminated by 
heating above the Ac, point is proved by the 
third photograph. In the case of the low carbon 


of its preparation, will accomplish the same net 
result. 

We believe it is the difference in tempera- 
ture between the Ac, critical point of the alloy 
steel and of the low carbon iron which makes 
the former easier to heat treat satisfactorily. 
The low Acs critical point of the alloy steels 
simplifies their carburization, and simultane- 
ously eliminates the weak areas with large 
grains. In these steels a carburizing tempera- 
ture of 1700° F., which is somewhat higher than 
generally used for plastic dies, should produce 
a case of 0.050 in. after a 5-hr. period at heat. 
An identical carburizing cycle on non-alloyed 
iron will produce a case of only 0.030 in, For 
the alloy steels a temperature of 1700° F. is from 
100 to 150° above the Ac, point and the higher 


( grains in strained region Long anneal in steel mill grows colum- Uniformly fine recrystalliza- 
! heating just under Ac; nar crystals in surface strained metal tion by heating above Ac 


Conical Depression Hobbed in Die Blocks of Soft Steel Which Were Later Heat Treated 
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the carburizing temperature above the Ac, point 
of the steel, the casier it becomes to drive in a 
deep case. 
lor the iron, 1700" F. is only a few degrees 
above the Ac, point, and therefore barely high 
enough to carburize and to eliminate the large 
vrain structure by recrystallization in the aus- 
lenite. We recommend a carburizing tempera- 
ture of 1750° F. for the pure iron to obtain a 
correct depth of case and suggest a direct 
quench from the carburizing heat into oil to 
preserve the carbon at the surface. The mold 
should subsequently, of course, be quenched in 
water from a grain refining temperature. 
Carburizing depths of both steels will vary 
with their “normalitw”. For example: The steel 
maker sometimes uses large quantities of alu- 
minum to deoxidize heats of low carbon iron. 
If such metal is used for hobbing material, the 
carburizing results will naturally be inferior. If, 
therefore, the ordinary temperature used for 
carburizing is increased, iron may not only 
receive a satisfactory depth of case but the 
weak grain area will be assuredly corrected. 
The alloy steel is more easily carburized, but 
if the higher critical point of iron is recognized, 
caschardening will be entirely satisfactory. 
After the formation of the case circum- 
stances may favor the iron. When hardening 
it is the general practice to oil-quench the alloy 
die but, with large molds especially, water 
sometimes must be used to attain full hardness. 
The use of water on an alloy analysis may nul- 
lifv the increased toughness to be expected from 
an alloy case. The iron die may be considered, 
as far as the surface goes, as a straight carbon. 
shallow hardening toolsteel designed to be hard- 
ened in water. Small or large dies can be prop- 
erly and consistently quenched in water. Lron, 
then, skillfully handled by the heat treater, can 
be made the equal to the alloy in hardenability. 
l. Freedom From Distortion. Much has 
been learned during the past few vears about 
the excellent non-deforming characteristics of a 
shallow hardening carbon steel, even when com- 
pared with special non-deforming steels. Just 
now we do not have data, unfortunately, as to 
the comparative non-deforming properties of 
the low carbon iron and the alloy steels, but 
we would expect that carburized iron would at 
least equal the non-deforming properties of an 
oil quenched alloy, and be superior to a mate- 
rial whose surface analysis indicates an oil 
quench but is hardened by necessity in water. 


+. Life in Service. Vhe comparative per- 


formance of a properly prepared iroy dj, 


i 


an alloy die is likewise diflicult to tablic 
Large, structurally weak grains would yo) 
present under the cavity in a properly prepay 
mold of either iron or alloy. Dies made fp. 
any material must have sufficient core streny 
and a hard, durable case. It may be natura! 
assume that the alloy case will withstand a}, 
sive wear better than the iron case. In prac 

it is found, however, that water quenching 
usually more effective in producing unife, 
hardness. A water quenched mold may ther 
fore withstand abrasion longer. 
it is necessary to clean and repolish plasi 
molds at intervals during their life; it is thoug! 
by mold makers that this operation removes 
more metal from the surface than is lost | 
wear. Plastic molds are generally subjected | 
a temperature of about 375° F.. and this lo 
temperature is no more destructive to the ple 
iron mold than to the allow steel. 

Most molds ultimately fail by cracking 
the bottom of the cavity. The probable expls 
nation for this failure is localized fatigue of th 
case. If it is remembered that the iron case and 
the alloy case, well supported, are each capabi 
theoretically, of withstanding several millio: 
service deflections, a comparison of the fatigui 
resistance of the two materials becomes aca 
demic, because engraving scratches or defect 
within the steel will encourage fatigue failur 
well below these figures. Production records o 
properly heat treated iron molds will rr 
however, consistently into many, many tho 
sands and frequently several millions befor 
failure occurs, 

Another type of die failure sometinics 
develops on the top or “land” of the mold 
There the working pressures are often concen 
trated on small areas and become much greate! 
than the strongth of either carbon or alloy stee! 
The effect of a concentrated pressure on a smal! 
area is of course to sink the surface at that spo! 
These forces, which affect production and .1a) 
finally destroy molds, appear to us to destroy 
alloy and iron molds at about the same rat 

In conclusion we believe that the virtues 0! 
the alloy steels are derived mainly from thet! 
low Ac, critical points and that their use offers 
a convenience rather than a necessity. Low car 
bon iron, if respect is paid to its higher 
cal point, can equally meet the requireme! 
a hobbing material in cleanliness, “hobal: 
hardenability, freedom from distortion and 
life in service. 
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To aid users of Nickel alloys, thirty 
service centers are maintained in 
industrial areas. From these strateg- 
ically located key points, our field 
representatives are on call to advise 
American industry about the selec- 
tion, fabrication and uses of ferrous 
andnon-ferrousmaterials. Assistance 


is also given on problems arising 


from the temporary lack of Nickel. 

Through the years, research, field 
studies and user experience have all 
contributed to a fund of practical. 
time-proved information. Many of 
these data have been compiled in 
convenient printed form, useful 
both to experienced men handling 
new materials or performing un- 


familiar operations... and to the 
many new employees. 

Now ...when minutes and me 
terials are so vital... make full use of 
this metal-working experience. Send 
for a check list of helpful printed 
pieces on the selection, treatment, 


fabrication and use of Nickel! 


or send your specific questior = to 


: 67 WALL STREET 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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Electroplating Turns 


By Joseph B. Kushner 
Metal ng Consultant 


WILY 


HE electroplating industry seemingly suf- 

fered a mortal blow when the Office of 

Production Management, and subsequently 
the War Production Board, ruled that April 1, 
142 was to be the final deadline for all non- 
defense and non-essential civilian plating, even 
though the required metals were already in the 
shop. Automotive equipment of every sort, and 
even the so-called Victory models of bicycles 
were to be stripped inside and out of all “bright 
work”, that being defined as plating using alu- 
ninum, cadmium, chromium, copper and nickel. 
Ihe gloom was so thick in plating circles you 
could cut it with a bus bar and the long faced 
boys were ready for the wake. 

Fortunately, the rumors of its sudden death 
have been, in Mark Twarn’s words, greatly exag- 
gerated. The industry is already convalescing 
ind we venture to predict will be up and 
around, healthier than ever, in another six 
months, because electroplating has been drafted 
for the Victory program and its classification is 
|-A! A look at where electroplating and its asso- 
ciated art of electro-finishing are concerned with 
the war effort will prove this. 

\/uminum is literally the skin and bones of 
our bombers and fighter planes. In many appli- 
cations it must, however, be protected from cor- 


rosion. For this purpose anodizing is resorted 
'0, a process in which electrolytic oxidation 
converts aluminum to the oxide at all surfaces 
exp to the action. While it is an “anodic” 
opel n, it involves electrolysis and makes use 
of the same type of equipment as electrodeposi- 
ton r this reason we take the liberty of 
clas ig it as a plating process (which it 


From Peace to War 


strictly is not, since in actuality only hydrogen 
and the metals can be electrodeposited). 

Two methods for anodizing are in general 
use. One utilizes chromic acid as the electro- 
lyte, the other uses sulphuric acid. In both, the 
aluminum is made anodic in the bath and a 
potential of 30 to 40 volts is put across the bath. 
Depending on the conditions set, a film of alu- 
minum oxide in amorphous form is produced, 
ranging in thickness from 0.0000005 to 0.0008 in., 
tough, resistant to abrasion and a perfect base 
for paint. The aviation industry generally uses 
the chromic acid process, as described in spec- 
ifications issued by the Army Air Corps. In 
some applications where the aluminum alloy 
carries 5% copper or more, the sulphuric acid 
process is the only one suited. 

We might also mention that electroplating 
on aluminum is now successfully being done by 
a fairly recent patented method described by 
W. J. Travers in the 1939 Transactions of the 
Electrochemical Society. To give an idea of the 
defense applications of such a process: Alumi- 
num is highly desirable as an electrical con- 
ductor for certain uses. The problem of 
electrical contact (always diflicult with alumi- 
num) is overcome by silver plating the alu- 
minum contact surfaces, 

Brass plating finds wide use in our war 
effort. Many small parts formerly made of 
brass bar stock, such as nuts, screws, eyelets, 
and so forth, are now being made of brass plated 
steel because of the shortage of copper. A quite 
important defense use is in the bonding of rub- 
ber to metal. Rubber, it seems, sticks best to 
brass and for this purpose brass is plated on 
steel and other metals to which rubber is to be 
bonded. The brass deposit must have a certain, 
definite composition range for best results, as 
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Ultra-Modern Plating Room in Aircraft Engine Plant, for Copper, Cadmium and Tin Plating 


demonstrated by H. P. Coars in the 1941 Trans- 
actions of the Electrochemical Society. 

Cadmium is one of the more extensively 
used electrodeposits in our Victory program. It 
possesses excellent non-corrosive properties, 
particularly in humid atmospheres, and for this 
reason is plated on many airplane parts as well 
as on certain parts and fixtures of tanks, marine 
engines and battleships. Brass, as well as steel, 
is plated with cadmium for corrosion resistance. 
The protective action is both mechanical and 
electrochemical, inasmuch as cadmium corrodes 
sacrificially in the presence of more electro- 
positive metals. 

Typical airplane parts that are cadmium 
plated are ignition wire harnesses, radio shield- 
ing and various small items prone to corrosion. 
The thickness of the deposit usually runs 
between 0.0001 and 0.0005 in. Solutions are of 
the standard cyanide type, usually including an 
organic brightener. A typical plating bath com- 
position is: 

Cadmium metal 3to4 oz. per gal. 
Sodium cyanide % to 10 oz. per gal. 
Caustic soda 'o tol oz. per gal. 

Chromium — War industry is making more 
and more use of hard chromium plating. Tools, 
dies, parts, molds, shafts, engine cylinder bores 
and pistons are among the many parts that are 
being plated with chromium for increased hard- 
ness, low coeflicient of friction, wear resistance 
and general building up. Interior surfaces of 
anti-flash muzzle guards on rapid fire guns are 


also plated with chromium for oxidation resis! 
ance. Machine parts, dies and tools that fo 
merly would have had to be discarded becaus 


slight undersize prevented them from meeting 


tolerances, can be built up to proper dimensions 


Deposits of “hard” chromium are extreme) 


hard, sometimes going as high as 950 Brin 
Such deposits increase the wear life many-fol 
of parts subject to constant usage. When plat 
ing hard chromium on steel a heat treatme 
after plating at 350 to 400° F. is necessary | 
drive off most of the absorbed hydroge! 


Details of the process, the use of conformin: 


anodes, and characteristics of the plate are giv 


by Roserrt D. ZIMMERMAN in Chapter 8-5 


“The Book of Stainless Steels”. 
Another use that takes advantage of chr 


mium’s hardness, decorative appearance anc 


corrosion resistance, is in the plating of th 
surgical and dental instruments of the ar 
and navy. Chromium-plated instruments stan 
up well under repeated steam sterilizatiors. 
The deposit may vary from 0.00001 in. @ 
is used on the medical instruments, to 0.01 1 
as may be necessary to build up a worn shat! 
Copper — One of the widest uses for ©} 
per plating is as a_ stop-off for carburizine 
Copper plate is practically impervious ‘> ¢#! 


bonaceous gases, so steel surfaces thus 


remain relatively soft and tough afte hea! 


treatment whereas bare parts pick up 
and can be heat treated to maximum ha 


There are a hundred and one applicat: lol 


1eSS 
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this stopping-off operation, 


including 


of drillable spots on face hard- 


dies and 
of a gear 


the other 
accom- 
a copper 
1 are cul, 
are then 
Aeronau- 


the p! 
ened plate, engine parts, 
machi! 
A ‘| use is in the production 
for ail motors. The web of the gear must 
be tou nd durable; the teeth, on 
hand, to be extremely hard. T 
plish the gear blank is given 
depos 005 in, thick, the gear teetl 
exposi he wearing surfaces, which 
carburized and hardened. In Wright 
tical Corp. practice, described by U. A. MuLLin 


before the Society of Automotive Engineers in 
1941, the steels to be carburized carry from 0.08 


to 0.14 


carbon. The steels and alloying metals 


are 2512 with 5° nickel; 3312 with 3.5% nickel 


and 1.9% 
and 0.25°¢ molybdenum. 


used exclusively and the penetratic 


chromium: 4612 with 1.75‘ 
Gas carburizing is 


nickel, 


varies 


from 0.025 in. in 2 hr. to 0.07 in. in 13 hr., at full 


heat (1700° F. 


). After the carburizing opera- 


tion the work is annealed for 4 hr. at 1200° F. 


to permit the carbon to diffuse 


reduce the carbon concentration at 
surface. 
fF. in oil and drawn 4 hr. at 250° F. 


burizing material used is gas, evolved 


inward 


and 


the very 


It is then quenched from 1450 to 1500° 


The car- 
from one 


of the proprietary compounded di-pentenes. 
Besides its use as a carburizing stop-off, 
copper plating is required for a great many vital 


electrical and magnetic equipments. 
example of this application is in depos- 
iting copper on alnico magnets to pro- 
vide a thin conducting skin. 

Gold. In a report issued March 12 
by the War Production Board, Harvey 
A. Anperson, chief of the Conservation 
ind Substitution Branch, placed cad- 
mium and chromium in Group I of 
those materials most vitally needed for 
War purposes and not generally avail- 
able for civilians; on the other hand 
gold (together with cements, sulphur, 
salt and silver) is in Group III, those 
materials available in some quantity 
‘or other than strictly war purposes. 


Gold may therefore be the one metal 
which there is no shortage, bizarre 


hot of 
as th atement may sound! 


Gold finds several important uses 


In ou clory campaign. To build up 
esprui corps we have enormous 
num| of buttons, insignias, 
embli and braid for Army, Navy, 


A typical 


aviation and marine uniforms, small items that 
are gold plated to specification. Formerly, the 


Army specification required the gold to be 
applied to buttons by fire gilding, a process in 
which a mercury-gold amalgam paste is smeared 
on the button and the button is then fired, leav- 
ing a smooth, closely adherent deposit of gold. 
However, because the process is dangerous to 
health and requires operators of considerable 
skill, the Army specifications have been changed 
to permit electroplating of buttons. <A _ typical 
Army specification for officers’ buttons calls for 
a minimum deposit of 15 grain of 21-carat gold 
on each 45-ligne button. 

On the more utilitarian side, gold plated 
infra-red reflectors are now speeding up the 
drying and baking of painted and lacquered 
surfaces of many defense items. Another inter- 
esting application of gold plating is for pro- 
tecting silver conductors that are to be used in 
sulphurous atmospheres. These silver conduc- 
tors are used in radio transmission where the 
high frequency of the current causes what is 
known as the “skin effect” — that is, most of the 
current is carried in the outer layers of the 
conductor. In a sulphurous atmosphere silver 
is converted at the surface to the dark colored 
sulphide which is a relatively poor conductor 
and therefore offers higher resistance to the 
flow of the current. The silver tape is accord- 
ingly plated with gold itself an 
excellent conductor, and impervious to the cor- 


which is in 


Representative Group of Wright Aircraft Engine Parts, 
Copper Plated and Tin Plated Prior to Selective Heat 
Treatment, and Cadmium Plated for Corrosion Protection 
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rosive action of the sulphur atmosphere. In 
this particular application the gold is plated in 
an automatic continuous operation and the 
deposit is unusually heavy, about 1% by weight 
of the conductor. 

Indium is a comparative newcomer in the 
plating field but it is already in 
considerable use for defense 
purposes. When alloyed with 
other metals it generally 
imparts to them increased non- 
corrosive properties. Civilian 
uses are not restricted, but its 
principal use is for plating the 
bearing surfaces of tank and 
airplane engines; possibly its 
real function is to resist the 
corrosive attacks of hot lubri- 
cating oils and decomposition 
products to be found in the 
engine crank case. The correct amount is rather 
critical — a very small quantity of indium dif- 
fused into the very surface of the bearing metal 
brings about considerable improvement in the 
wear life of the bearing. 

Two types of indium baths are in use, the 
indium cyanide bath and the indium sulphate 
bath. In a typical procedure, the bearing is a 
thin walled, steel backed sleeve; the steel is 
accurately formed and machined and carries a 
layer of silver a few thousandths of an inch 
thick. On this is electroplated about 0.001 in. 
of lead and on this in turn is plated the indium 
to an amount not exceeding 4% by weight of the 
lead. Larger sized bearings are made the plat- 
ing tank by corking one end or using a special 
fixture. With the cyanide solution carbon 
anodes are used, and with the sulphate solution 
pure indium anodes are used. After the proper 
weight of metal has been deposited, the bearing 
is heat treated to cause the indium and lead to 
diffuse into one another. At Wright Aeronau- 
tical Corp. plants an oil bath is used for this 
purpose, maintained at 340° F.; the heat treat- 
ment lasts for 2 hr. 

Iron —A fair amount of iron is electro. 
deposited and electroformed in our war indus- 
try. Iron plating is used for building up worn 
shafts and tools, though in many such cases it 
has been displaced by chromium and _ nickel. 
Iron deposits may be subsequently carburized 
and casehardened. One application of iron 
plating that is of considerable interest is a 
patented process for electroforming iron into 
molds for rubber tires and plastics. Molds are 


cut in one of many easily workable pn 


‘Tials 
even wood — their surfaces are ma: condy, 
tive by spraying or chemically deposit) g }»y,, 


of metal a few atoms thick, and then »latins . 
thick layer of iron. This iron surface cay th 
be backed up with matrix metal of s me 

The electroformine meth, 


sort 
saves a great deal of ‘ime a, 
permits a number o! similp) 
molds to be made wil! a mj, 
mum of labor. 

(We must not forget, 4) 
that electrodeposited iron plate. 
are used at Uncle Sam's Bure. 
of Printing and Engraving 
printing defense stamps and \ 
tory bonds. Good buys! — Ad 

Lead plating also find 
wide use in the war progran 
being used on small bushing: 
for lubricating purposes. Lead is also plate 
on copper rods to act as a lubricant in » 
drawing. Lead is plated on the inside of ce 
tain types of artillery shells, to resist the cor 
rosive effects of the ingredients contained 
When bushings are plated the inside surface \s 
the one plated, and the part is made the “plating 
tank”, as in indium plating, by a special corking 
gadget. The usual type of lead plating bath in 
use is the fluoborate solution, but the fluosilicat 
bath has been and can be used for larger instal- 
lations. A layer of 0.0005 in. is about th 
average thickness plated for its lubrication 
properties. 

Magnesium, like aluminum, cannot b 
plated out from aqueous electrolytes but is capa- 
ble of being anodized by special electrolyti 
processes. Details are given in U. S. Nav) 
Aeronautical Specification PT-13. Since wi 
started our magnesium-from-sea-water recover) 
plants going, magnesium has begun to replac 
aluminum in a number of important applica 
tions, particularly on aircraft, where lightness 
and strength are of great importance. Anodiz 
ing permits the magnesium to take a coal 0! 
paint. Two or three other pickling process’ 
are available for making an excellent base ! 
protective paint. In all of them an extra fin 
job of degreasing is prerequisite. Recent! 
Dow Chemical Co. has also announced th 
development of a method for plating me‘als ©! 


magnesium. 
Nickel is plated as an undercoat ctor 
chromium in many war applications. | als 


used to build up worn parts and shafts. fi" 
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use much nickel plate and, in 


xting 

a found wherever good wear resist- 
ait ‘i-corrosive properties are wanted. 
The installations for bright nickel 
plating ticles of peacetime are now rapidly 
be ing ted to war uses. 

P : Metals —Iridium and platinum 
ire pl : electrical contact points that have 
ow d continuous sparking. As the sup- 
ply of sten metal becomes more and more 
restric they will doubtless be plated on 
spark p points and magneto contacts, replac- 
ng tui n for this use. 

Rhodium is used wherever extreme resist- 
ance to corrosion is desired, particularly on 


delicate scientific instruments. One of its best 
war uses in electrodeposited form is as a first 
reflecting surface on air field and anti-aircraft 
searchiights. Its civilian use is, in fact, com- 
pletely restricted. Rhodium is deposited on 
electroformed nickel and copper reflecting sur- 
faces producing a highly reflective first surface 


Faust before the Electrochemical Society in 
1938). Bearing shells are put through a regular 
cleaning cycle and are then plated in a regular 
silver cyanide bath of standard composition. 
Another use for silver plating in our war effort 
is on low voltage contact points and areas that 
do not have to take much sparking. With the 
situation critical as far as tin is concerned, silver 
electrodeposits may be able to replace lacquered 
tin as linings for certain types of containers. 
Future war uses may profit from work done by 
Studebaker Corp. when chromium plated hard- 
ware was eliminated. Bonderized steel was 
electroplated with silver, an indium flash added, 
and the two diffused into a tarnish resisting 


surface by baking at 350° F. 


Westinghouse’s Newark Works Has a Line of 
Barrels for Electroplating Permanent Magnets. As 
might be expected, this room has economical elec- 
trical equipment: A rectifier supplies direct cur- 
rent, and each barrel is cut off automatically as 
mined amount of energy, a measure of the deposit 


mirror (overall reflective index about 75%) 
which is non-corrosive and capable of with- 
the high heat generated by the illu- 
minating medium. The present author has 
described this in Metals and Alloys, May 1940. 

‘iiver— Comparatively recent research, 


standing 


mentioned at intervals in ProcGress, has 
demonstrated that silver in electrodeposited 
form n excellent bearing metal, particularly 
wher ‘ed out with lead. A typical bearing 
alloy ‘Iver that can be plated out is one con- 


imine lead (described by THomas and 
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Tin — Electrotinning has been done com- 
mercially in competition with hot dipping of 
tin plate for several years. Several new plants 
for manufacturing the stock from which tin cans 
are made have been announced by leading steel 
companies. It is estimated that some 17,000,000 
“base boxes” of tinplate will be so produced in 
1942, somewhere about one-quarter to one-third 
of our expected make, and this will do much to 
relieve our critical shortage of this metal. By 
electrodeposition it is possible to reduce the 
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By G. H. Enzian and H. F. Beeghly 


Research & Development Division 

Jones & Laughlin Steel Corp. 

and P. P. Tarasov 

Cleveland Wire Works, General Electric Co. 


N an article in February entitled “Nails From 
Ruins of St. Pierre” the authors dene ribed the 
appearance of some relics of the volcanic 

disaster of 1902. Studies of the thick oxide 
coating indicated they had been exposed several 
hours to temperatures above 2000° F. while in 
contact with volcanic dust. Detailed examina- 
tion of the metallic core of these burned nails 
revealed some interesting further information, 
as follows: 

Chemical Analysis — Marked differences in 
ductility and the nature of fracture of certain 
nails led to the supposition that they might pos- 
sibly differ in composition. Unfortunately, the 
quantity of steel remaining from a single nail 
was not suflicient to permit its complete analysis 
by conventional methods. A number of nails 
were combined, therefore, and the common ele- 
ments determined on this composite sample. 
However, a micro method developed at the 
Jones & Laughlin Research and Development 
Laboratory permitted an accurate quantitative 
determination of nitrogen from samples as 
small as individual portions of a nail. 

Preliminary chemical determinations on a 
very limited amount of material from one nail 
were made by Dante. Harmon, chief chemist of 
Allegheny Ludlum Steel Corp. at Dunkirk, N. Y., 
and he reported 0.039% carbon and 0.038% 
nitrogen. Analysis of a composite sample by 
J. & L. laboratory gave 0.08° C, 0.34% Mn, 
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Auto-Nitrificé tio, 
o f Siee| 


as It Scale; 


0.099% P, 0.116% S, and 0.02% Si. Nitroge: 
by the micro-chemical method mentioned 
varied widely in samples from different nails, 
eight results being as follows: 0.028%, 0.108 
0.026% , 0.032%, 0.044% , 0.029% , 0.040% , 0.035 

The carbon content of the nails is somewha 
lower and the sulphur content higher than 
commonly associated with ordinary besseme: 
steels. Dr. Perret, who sent us the nails, state: 
that they were probably imported from Franc 
and in view of their phosphorus content and 
the fact that between 1895 and 1900 France was 
producing 500,000 to 900,000 tons of acid bess: 
mer steel annually, the nails may have bee 
made by that process even though the bas 
bessemer is latterly more prevalent in Franc 

The variable nitrogen content of the nails 
was quite unexpected. Nitrogen ranged fron 
0.026% to 0.108% in individual nails, and in th 
majority of the samples it was considerably 1 
excess of the nitrogen normally found 1 
present-day commercial steels. It would seem 
then, that the original content of the steel! was 
increased in some manner by conditions whic! 
existed either during or following the eruplo! 
of Mont Pelee. Speculations as to the mech 
nism of the nitrification will be made la! 

It might be suggested that the origina! sub 
phur content of the nails had been enric!ed )) 
exposure to hot sulphur-bearing gases 
ever, under such conditions a high sulph 
would be formed. Since the actual s)phu! 
content of the scale was not sufficient t 
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uption, the only alternative is that 
; formed in a relatively sulphur- 
ere. Under these conditions the 
le { by the oxidation of a high sulphur 
ose most of its sulphur to the sur- 
iphur-free atmosphere. In support 
nent it has been found by trial that 
steels heated in an atmosphere con- 
n appreciable 
f sulphur will 
ale with many 
times sulphur content 
if the el. On the other 


imo 


form 


and magnified 


Fig. 1 Microstructure of One 
Showing “Normal” A ppear- 
ince of Nitride Plates. Etched 
pith 4% nital, magnified 100 


iand, scale formed on high sulphur, free 
cutting steels in a sulphur-free atmosphere 
generally has very low sulphur. 

Unusual Microstructure — Perhaps the 
most interesting feature of this investiga- 
‘ion Was the unusual microstructure of the 
nails. Although the preliminary chemical 
analysis made by Mr. Harmon indicated a 
rather high nitrogen content, the nitrides 
were not present in the usual long plates, 
bul as a dispersion of short plates arranged 
ita tne Widmanstitten pattern. In view 
of the fact that uncommon structures were 
sung, it seemed advisable to corroborate 
the 1 's with chemical determinations. 

e nails available, several random 
piece ere selected for metallographic 
on. Selection was made from 


Fig. 2—-Unusual Microstructure 
Found in Some Nails; 0.026% 
Nitrogen, by Micro-Chemical 
Analysis. Etched with 4° nital 


nails which existed singly but which showed 
evidence of having been broken from a larger 
cluster. Although there was no indication that 
any of the single nails may have come from the 
same original cluster, only two types of struc- 
ture were found. Figures 1 and 2 compare these 
two structures at 100 diameters. In one case 
the nitride plates were the usual long type dis- 
tributed through a medium- 
coarse grain structure. In these 
nails, a distinet but rather 
poorly developed or badly oxi- 
dized “case” was found. The 
$00 stamelsve other structure was unique in 
that the nitrides were present 
as a fine dispersion of short 
plates in a rather coarse grain 
structure. Nails with this struc- 
ture were considerably more 
ductile than those which con- 


he Sipe tained the long plates. It does 
LUM 
. hs not require a great amount of 
Ze. A nitrogen to form the micro 
wo OES structure of Fig. 2, for nitrogen 
as analyzed in another nail 
BOTY having the same structure as 
Fig. 2 was 0.026%. 
‘ Figure 3, page 524, shows 


the structure of the short plates 

in Fig. 2 at 1000 diameters. 

The fine and regular Widman- 

statten pattern is clearly out- 

lined. This is a unique structure 
for nitrides in steel and must be the result of a rather 
unusual combination of conditions. <A pattern of 
this type has usually been found to be associated 
with a certain critical cooling rate from high tem- 
peratures. 

No definite reasons can be advanced for the dif- 
ferences in the structures of the nitride plates. It 
might be suggested that they are associated with 
different rates of nucleation, but whether such differ- 
ences in nucleation rates are a function of the com- 
position or of the rate of cooling is not known. 
However, since the two structures can occasionally 
be found in certain areas of the same sample — with 
one or the other predominating — it seems more 
logical to assume that the rate of cooling is not the 
governing factor. If a difference in composition is 
responsible for the two structures, this difference 
may be in the original composition of the matrix or 
in the composition of the precipitated phase. 
Although no definite conclusions will be drawn, it 
should be mentioned that under polarized light the 
long plates had a slight orange color while the short 
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ones were slightly vellow. Thus there is some 
indication that two different nitrogen com- 
pounds are present. 

Source of Excess Nitrogen still remains 
highly speculative. A number of interesting 
possibilities present themselves. However, there 
are three basic theories which could readily 
explain the presence of nitrogen in the concen- 
trations observed — one, that the nails originally 
contained these nitrogen contents; two, that 
nitrogen from some extraneous source was 
added to the nails; and three, that the concen- 
tration of nitrogen in the nails was increased 
by preferential oxidation of iron and other ele- 
ments which decreased the volume of metal 
without loss of total nitrogen. 

It does not seem likely that the nails orig- 
inally contained the nitrogen concentrations 


\ 


\ A | 


Fig. 3 Structure of Fig. 2 at 1000 Diameters. 
Widmanstatten pattern of nitride plates is fine 
and regular, a structure usually associated with 
cooling at critical rates from high temperature 


found by us. Bessemer steels now made com- 
mercially seldom contain more than 0.020% 
nitrogen, and the highest values recorded in the 
literature have all been less than 0.030%. 

If some extraneous source was responsible 
for the nitrogen contents of these nails, as sug- 
gested by the second hypothesis above, it is 
possible to think of a number of ways in which 
nitrification could have been accomplished. 
Extraneous sources could be either associated 
with the volcanic action or with the presence of 
nitrogenous materials in contact with the nails. 

There is abundant evidence that nitrogen 
and compounds of nitrogen are present in the 
material from volcanic eruptions. E. G. Zres of 
the Carnegie Institute’s Geophysical Laboratory 
in Washington reported the presence of 
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ammonia in a sample of water take by p, 


Perret from a lake on Mont Pelee. 
more, it is known that severe elect: +g) 
turbances accompany a nuée arden Prog 


R. T. Hitt reports in National Geograp)'> May 
zine (Vol. 13, 1902) that he saw “vivid and awfy 
lightning-like bolts which flashed with »larmin, 
frequency...These were different from |ighy. 
ning in that the bolts were horizontal and y,, 
perpendicular.” Electric discharges in a 
ture of nitrogen and hydrogen will for 
ammonia, or, in the presence of hydroch|o; 
acid, ammonium chloride can be produced 
(Hydrogen chloride is known to exist in gaseous 
emanations from volcanoes.) At any rate, thy 
existence of ammonia or nitric acid might | 
suspected from such high electric potentiy 
Assuming that nitrogen present in thy 
atmosphere of a nuée ardente is in an activ: 
form, differences in the degree of nitrificati: 
might be accounted for on the basis of diffe: 
ences in the original composition of the nails 
or of differences in the length of exposure to {| 
activated nitrogen. Nails from the same | 
might reasonably be expected to vary in com 
position, but it is less probable that the varia 
tion should be of sufficient magnitude | 
markedly affect the degree of nitrogen absor; 
tion. On the other hand the relative position o! 
different nails in storage bins could well accou 
for the observed differences in nitrogen co! 
tent. It is doubtful if nitrogen weuld pen 
trate an appreciable layer of continuous seal 
such as was present on the nails; however, tli 
nitrogen may have been absorbed prior to th 
formation of any quantity of scale, and diffused 
into the steel while the scale was being formed 
This hypothesis, however, necessitates Uy 
assumption that the surface fixation of nitroge! 
occurred very rapidly. Since there is insutlicie! 
evidence to warrant such an assumption due | 
the very rapid passage of the nuée ardente, 
must be concluded that in spite of the presence 
of nitrogen compounds in the gases, these gases 
probably were not responsible ter the hig! 
nitrogen content of the nails. 
Discarding, then, the theory that 
canic action provided an extraneous source 


the vol 


nitrogen, there remains the possibility con 
tact with some nitrogenous material. We ‘nde! 
stand that the nails were gathered from \ (rious 
parts of the city, but at the time of the ste! 


were located in stores or warehouses whic | ™®) 
have been wooden structures. Also, if 


sible that a number of other substance wet 
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same warehouses. It may not be 
a presumption to suppose that 
us of cyanide or bags of fertilizers 
n the nuée ardente hit the building 
ne force, it collapsed and the mate- 
there were buried in a mass of 
of this caught fire and probably 
days. The nitrogenous material 
ved by hot volcanic gases and dust, 
heat from the burning building. 
| might be the logical explanation for 
ition except for the one qualification 
that tl trogen had to be fixed on the surface 
f the is before the scale formed. Results 
f this investigation, as reported in February 
Vera Procress, indicate that the scale was 
essentially free from nitrogen and that the nails 
vere relatively high in nitrogen. We also find 
that the amount and distribution of the total 
‘itrogen in the steel varied from nail to nail, 
being in general highest in nails having the 
smallest cross-sectional area. We know of no 
published data concerning the penetration of 
ron oxides by nitrogen, although it has been 
fairly well established that nitrogen does not 
diffuse through slags such as are normally used 
1 steel making. If it is assumed, 
then, that nitrogen will not dif- 


readily diffuse through an appreciable continu- 
ous layer of scale and therefore any of this gas 
either dissolved or combined with iron will 
remain in the metal. Since there is a loss of 
iron and other elements at the surface with 
little loss of nitrogen, the relative nitrogen con- 
tent of the steel near the surface is increased, 
and, in effect, a nitrogen concentration gradient 
is created, surface to center. Nitrogen will 
under these circumstances diffuse toward the 
center of the hot metal, and is concentrated in 
a progressively smaller volume of metal as 
oxidation proceeds. The result is that the rela- 
tive nitrogen content of the metal remaining is 
gradually increased. Such a mechanism explains 
the high nitrogen content of those nails with 
the smallest cross-sectional area. 

In order to secure experimental data to 
support the above reasoning, samples of %,-in. 
steel bar were heated in an open furnace at 
2100 to 2200° F. (1150 to 1200° C.) for 21 and 
72 hr. Scale was then broken away and the 
remaining metal analyzed for nitrogen, both 
turnings from the surface, and 14-in. drillings 
from the axis. Results are shown in the accom- 


panying table. 


Migration of Nitrogen During Scale Formation 


fuse through iron oxides, the 
iilrogen present in the nails must 
have been there before the forma- 


tion of the seale. 


NITROGEN CONTEN1 


Hear TREATMEN' 


Ar Center At SURFACE 


Original bar (normalized 1 hr. at 1700° F.) O.O118% 0.0113% 
ie above conjectures, After 24 hr. at 2100 to 2200° F. 0.0143 0.0166 
issuming the presence of an After 72 hr. at 2100 to 2200° F. 0.0186 0.0198 


e\traneous source of nitrogen, are 
possible but do not seem very 
probable. Therefore, an attempt was made to 
visualize some plausible mechanism which 
would cause a marked increase in nitrogen con- 
ent. The most promising explanation evolved 
vas that no nitrogen was added to the nails but 
that the original nitrogen content remained con- 
centrated in the smaller volume of metal 
rogressively left behind as surface scaling pro- 
eeded. The high nitrogen at the residual core 
vould then be explainable not by a gain of 
iitrogen from the outside, but by a reluctance 


the nitrogen to go outside. 


Auto-Nitrification During Scaling 


Vuring the oxidation of steel at high tem- 


veratures, iron and carbon and certain other 
elem combine with oxygen and a scale is 
‘Orn lt is probable that nitrogen will not 


The gradual increase in nitrogen content 
will be observed. Several types of steel cover- 
ing a range of steel making practices have 
vielded similar results. 

Figure 4 (page 526) shows the metallo- 
graphic structure resulting from furnace cooling 
after 72 hr. at 2100 to 2200° F. This structure is 
evidently related to the one shown in Fig. 2. 
In addition it will be noted that there is an area 
at the surface which did not etch; this zone may 
indicate the beginning of a case such as the one 
shown in Fig. 1. 

These experimental results seem to indicate 
the actual mechanism which produced the unu- 
sual nitrogen contents of the nails. Although a 
pronounced case was not developed in_ this 
treatment, it was noted, when the samples were 
cut with a hack saw, that a certain amount of 
superficial hardening had taken place. It is 


April, 1942; Page 525 


4 
q 
q 


quite possible that cither a higher temperature 
or a longer time at temperature might result in 
the development of a case equally as pro- 
nounced as the one in the volcanic nails. 

The question of the role of atmospheric 
nitrogen in the preceding experiment might still 
be raised. In order to determine whether atmos- 
pheric nitrogen is an important factor influ- 
encing nitrogen pickup during high temperature 
oxidation, a specimen of low carbon steel was 
held in an atmosphere of pure oxygen for 72 hr. 
at 2100° F, 


used, and the flow of oxvgen regulated to pre- 


A carbon combustion furnace was 


vent rapid oxidation of the specimen. 

At the beginning the surface of the %,-in. 
bar analyzed 0.0118 nitrogen and 44-in. drill- 
ings from the axis analyzed 0.01167 nitrogen. 
After oxidation the surface analyzed 0.028 and 
the center . 
content of the specimen was increased after a 


Thus, the relative nitrogen 


scaling treatment although 
additional nitrogen could not 
have been obtained from the 


atmosphere surrounding the 
Such data indicate that a es Santis 
large part of the nitrogen 
from the oxidized metal dif- 
fused into the remaining 
metal rather than escaped 
into the seale which formed. 
Summary and Conclusions 
The main points of inter- >. a 
est in this investigation have 
been the nitrogen contents of 
the nails examined and _ the 
probable temperature to Fig. 4 


which they were exposed. In 
order to study these factors, 
consideration has been given 
lo the possible conditions to 
which the nails might have 
been subjected during and 
after the destruction of St. Pierre by the erup- 
tion of Mont Pelee. Concerning the nitrogen, the 
possibility of an extraneous source has been 
considered; it has been pointed out that while it 
might be logical to assume the presence of 
nitrogenous materials in the same building with 
the nails at the time of the disaster, nitrification 
by such a mechanism involves a number of 
variables. On the other hand, it has been shown 


Hr. at 2100 to 


Microstructure’ Resullt- 
ing From the Oxidation of a Steel 
Sample For 72 
2200° 61150 to 1204" CL). The 
nitrogen content in this area is 
Magnified 100 


that a process of auto-nitrification 
place at high temperatures, apparent dye , 
preferential oxidation of iron and car at th 
surface. This results in an increase in je rel, 
live nitrogen content of the remaining stec) 
Such a reaction would cause the residuo of oo 
nails, originally with very low nitro vey, 


finally contain a greatly increased nitrocey 
centration after prolonged exposure 


tion at a high temperature. 

Although a number of nails were examines 
only two different microstructures wer 
observed. The one structure was conventions 
for nitrides in steel; the other was quite uney 
pected and proved very interesting. Reason, 
for the precipitation of nitride plates in a fin, 
Widmanstatten pattern are not clear, but ther 
is some indication that their chemical compos 
tion influences the mechanism of precipitati: 

The actual temperature to which these pails 

were exposed is difficult to es! 
mate. There is no reason 
assume that all of the nai! 


were subjected to the sam 
SSeS very well have been protected 
from direct heat and therefor 

would not reach the maximun 

temperature; these would ox 
dize at a slower rate. A theo- 
Gree retical consideration of th 
nature of the scale indicates « 
‘ probable temperature of a 


least 2000° F. (1090° By 
considering the analysis and 
the condition of the steel nails, 
a temperature of about 2500 F 
(1260° C.) does not seem unrea- 
sonable. As an approximation, 
therefore, it can be estimated 
that the temperature was in the 
vicinity of 2150° F. (1175 C 

this conjecture, however, does 
not preclude the possibility tha! 
it may actually have bee! 
higher. Since to all appearances the nails wer 
heated for a considerable period of time, |! does 
not seem reasonable that the temperature 0! the 
nuée ardente was an important factor. tl 
most logical assumption is that the source 0! 
heat was the burning of the building in which 


the nails were stored — this conflagrat of 
course, being caused by the passage of t! uee 
ardente. a 
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By Joseph F. Oecsterle 


partment of 


™IX\TEEN round table conferences featured 
5 the two-day foundry conference, the fifth to 

be held by the Wisconsin Chapter of the 
\merican Foundrymen’s Association and the 
College of Engineering of the University of Wis- 
onsin. No formal record was made in any of 
these meetings, but the 500 men in attendance 
vere pretty generally taking notes. 

Aside from these meetings, a general sym- 
posium on ordnance brought out the most 
nlerest. Lt. Col. Barrerr RoGers, chief of the 
irillery division, Chicago Ordnance District, 
nentioned that small arms use no castings (this 
icludes up to 40-mm. anti-aircraft), but he 
velieved that high strength malleable might 
substitute for some steel. For heavier guns, the 
predominant casting material is steel; some 
jon-ferrous is used, but very little gray iron or 
malleable. Opportunity for cast ammunition is 
‘reat. The British have purchased several cast 
‘tec! bombs; while we have none at present, 
‘ol. Rocers suggested that these might come 
ecause of shortages in other material. British 


th. trench mortars are also using a 10-Ib. cast 
eel projectile, and we may use the same in our 
‘I-mn rojectile. Grenades, both hand and 
‘le, are made of gray iron and any gray iron 
undry can make these. Just now the need for 
ast st is so great that other foundries are 
lookin r easy ways to convert to steel, but it 


North West 


Foundrymen 


Compare Notes 


is rather expensive to erect openhearths — cru- 
cible and converter processes are not allowed 

Lt. A. L. Spurtock (formerly production 
manager for Studebaker) is now in charge of 
tank production in the Milwaukee area, and 
spoke interestingly on his problems. There are 
over a hundred different pieces of cast steel 
armor ranging in weight from 3 Ib. to 11,000 Ib. 
Comparatively few foundries are in this busi- 
ness and most of these have built up their 
governmental contacts by their own initiative. 
However, the need is so great now that any 
foundry with the proper equipment can get the 
necessary help to start. Many thousands of 
tanks are needed. There are 500 tank castings 
other than armor being made, ranging from 
1, Ib. to 300 Ib. 

Several well-attended conferences discussed 
pattern making, properties of sands, and some 
aspects of foundry work other than metallur- 
gical. A. F. Premrer of Allis-Chalmers Mfg. Co. 
gave an interesting account of his efforts to 
bring foundrymen and patternmakers together 

an extension of the continued necessity for 
purchaser's engineers and foundry representa- 
tives to confer before any new design reaches 
blueprint stage. Premrern uses sectionalized 
models of the intended part, and this model is 
studied from all angles and molding methods 


agreed upon before (Continued on page 562) 


{pril, 1942; Page 527 


AA 
7 ana Vietaliurgy 
t Wisconsir 
‘ 


By J. Libsch 
R. Volterra 
and John Wulf 


A A 
Institute of Technol Qy 


EVELOPMENT of iron powder for powder 
metallurgy purposes has received consid- 
erable industrial attention. Some 28 Amer- 

ican organizations were producing powder or 
experimenting with methods of production in 
1940. Some of these organizations as well as 
their customers realize that size distribution and 
chemical analyses are insuflicient to describe 
the quality. Likewise, the maintenance of a 
supply of powder of constant quality has not 
proven to be an easy task. Perhaps a short 
account of the manufacturing processes may 
serve to illuminate some of the differences 
reported in the sintering qualities of various 
powders. 

The oldest and the most widespread com- 
mercial method is by reduction of iron oxides. 
Such oxides may be concentrated magnetite ore, 
by-products such as mill scale or partially oxi- 
dized iron scrap borings, turnings and the like. 
Reduction is usually accomplished in an atmos- 
phere of CO and CO, between 1650 and 2000° F, 
by batch or continuous processes. The atmos- 
phere may be produced in many different ways 
starting with solid, liquid or gaseous fuels 
admixed with air. The addition of hydrogen 
to the reduction gas, as well as its use in sub- 
sequent annealing, alters the nature of the pow- 
der besides affecting its purity. 

The raw material is usually first pulverized 
by milling and then reduced to a powder or a 
sinter cake, which is more or less easily crushed. 
Depending on the temperature, the initial size, 
structure, and purity of the oxide, the time of 


Iron Povwde, 


and Its Sintering ; 


heating, the gas used and the amount of mil] 

and subsequent finish annealing, the powd ‘] 

particles may be distinguished from one anot!y 

by (a) particle size, (b) particle shape, (c) s lo 

face profile, (d) type and extent of porosity, s] 

internal grain size, (f) lattice distortion wit! " 

ach particle, and (g) impurities present 

their location, whether in solid solution, as larg i 

inclusions, or as surface and grain bounda: 

films. Obviously the investigation of each 

these factors separately and together and |! 

relative importance is an arduous task. 0 
In general, the reduced iron successtu! 

compacted is more or less angular in shape, 0! 

rough surface, porous, and made up of a sm 

number of micro grains within each partic! 

The particle size limits are usually between } 

and 500 mesh. The pressure needed anc | 

heat treatment cycle depends on the poros'! 

of the particles, the smoothness of their profile. 

and on the distribution of the finest sizes. Ff 

example, we have found that the reduced oxic 

of Fig. 1, consisting of fairly dense, more or les 

rounded particles (in comparison with the mor 

angular reduced oxide particles of I. - 


required higher pressures to compact to equi: 
lent density and a longer heat treatment ¢) 
to reduce asymmetric shrinkage and expats 
to a minimum. Superficial oxidation o! © 
smooth particles with steam followed by a shot 
subsequent reduction in hydrogen improved | 
pressing characteristics of the first m 
powder. 

Usable powder can also be produ 
comminuted steel or cast iron, Some ‘ 
with steam is sometimes a first step. 
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Extracts from a chapter 
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on is usually 
atmosphere 
nic process by 
powder may be 
exceedingly low 
en decarburized 
m ed cast iron the 
rti often resemble 
xide, but elon- 
ited | flat particles are 
mmon, Here the 
carbide structure, 
of decarburi- 


tion, and the post treat- 


Fig. 1 to 3 Various Iron Powder Particles, at 200 Diameters, Left are smooth 
particles reduced from mill scale. Center are rough particles reduced from 
magnetite ore; this powder requires less pressure and shorter sintering. Right 
are spongy electrolytic particles; they are improved by annealing in hydrogen 


ment affect the powder 
aracteristics. Where 


‘ 


wowders of this sort are 
mixed with reduced oxide 
waders before pressing, it is often only neces- 
sary to decarburize superficially and to convert 
he cementite into a form which leaves the par- 
ticles reasonably soft. Likewise, finely divided, 
low carbon, thin sheet scrap has been milled by 
special techniques aiming to produce equiaxed 
rather than plate-like particles. It is difficult to 
ompress such particles unless previously soft- 
ened by heat treatment. Here again superficial 
\idation and reduction vastly improves the 
sintering qualities. 
lron powder produced by electrolytic meth- 
ods can be made of high purity and also of 
excellent pressing qualities. When deposited as 
powder and sized, it consists of nodular remains 
of dendrites. The internal structure is always 
line grained. When deposited as a sponge (Fig. 
3) itcan be crushed to angular particles of vari- 
ous sizes, but, as in the previous case, it is not 
readily compressed into briquettes. It can be 
softened by annealing, due to the removal of 
the occluded hydrogen and the increase in the 


Fig. 4 —- Density of Compacts Varies With Com- 
pacing Pressure and Origin of Iron Powder 
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A; Reduced Magnetite 

8; Electrolytic iran 
C; Reduced By-Product Oxide 

D; Decarburized iron 
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internal grain size. The powder shown in Fig. 
34, When compressed above 30 tons per sq.in. in 
a simple steel die, fails by shear and the com- 
pact crumbles readily when ejected from the 
die. If this powder is annealed in hydrogen at 
1300 to 1500° F. for 2 hr. and the sinter cake 
disintegrated with soft rubber tools, it can be 
compressed easily to form satisfactory compacts 
at 30 tons and will withstand compression in a 
simple die up to about 70 tons per sq.in._ If 
annealed in a vacuum it will withstand pres- 
sures over 120 tons per sq.in. This improved 
behavior can be attributed primarily to the 
more thorough removal of occluded hydrogen. 

Carbonyl! iron, although only used in this 
country for electromagnetic purposes, is also 
employed abroad for sintering purposes...... 

Pressing — The purpose of pressing in pow- 
der metallurgy is not only to form a compact of 
definite shape, but also to produce strong adhe- 
sion bonds at the contacts between adjacent 
particles. Thus, the pressed compact coheres 
not only because of interlocking particles but 
also by interatomic attraction. This may be 
termed “cold welding” and may be considered 
an example of “sintering”. With relatively soft 
powders, such as iron, the area of contact is 
greatly influenced by the deformability of the 
particles. Within limits, coarse sizes of angular 
iron powder give more dense compacts in defi- 
nite pressure ranges. It should be remembered 
that the distribution of pressure in a die is not 
uniform; consequently density gradients in the 
pressed compact are usually found to be more 
acute for harder powders. 

In Fig. 4 are shown curves of density versus 


compacting pressure for four different commer- 
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cial powders. They were pre-annealed at 1350° 
F. in hydrogen, compressed from both sides in 
a small steel die, from which they were removed 
by hand. In each case, the powder size dis- 
tribution used was 66% coarse (100 to 200 
mesh), 17°¢ medium (200 to 325 mesh) and 17% 
fine (—325 mesh). Powder A is a reduced mag- 
netite, porous, angular and rough. Powder B 
is of electrolytic origin. Powder C was reduced 
from mill scale and differs from A in that it is 
more equiaxed, smoother and less angular. 
Powder PD is a decarburized iron, angular and 
irregular in shape but less equiaxed than pow- 
der A. All powders were polycrystalline, but 
powder particles of B were made up of smaller 
grains than the rest. 

Chemical purity of powder B was, of course, 
the best. All contained less than 0.03 carbon. 
The insolubles of A totalled 0.96, of C 0.56% 
and of D O86 (primarily as iron silicate). 
Powder D, made from a shotted cupola scrap 
melt, contained 0.23 Cu, 0.05 Sn, 0.18% Si, 
0.966 Mn, 0.64% Cr, 0.87 Ni, 0.05% S, 0.020 
P, and traces of Sb and Pb. 

Powders A and B are clearly superior in 
this test. The lower green density of powder C 
compacts can perhaps be attributed to round 
particle shape and smooth surface, while that of 
) to impurities. A higher percentage of coarse 
powders will produce a greater green density in 
all four varieties. On subsequent heat treat- 
ment, shrinkage is greater if a higher percentage 
of fines is used than emploved here. 

Density of the pressed compact may be used 
as a qualitative measure of the plasticity of the 


powder, and thus of the contacting are hetwee, 
the particles, but it is not necessarily 1 jndies. 
tion of the strength of bonding..... 

Pressing Followed by Heat Trecimen 
Compacts made under usual conditions wep, 
then heated at various temperatures hydro. 
gen and the bars tested for density. tensik 
strength and elongation. Electrolytic jpg, 
(whose particle size analysis was 66°) 106 4 
200 mesh, 17° 200 to 325 mesh and 17°. throug! 
325 mesh) reached maximum density and tepsi}, 
strength (30,000 psi.) at 1550° F., with elongatio, 
of 15%. All properties dropped, reaching 
minimum at 1700° F., but then more than reeoy. 
ered at 2200° F. 

Experiments with the other three powders 
do not show as high a tensile strength and eloy. 
gation, but also not as severe a minimum a! 
1700° F. All three only reach a tensile strengt| 
at 2200° F. comparable to the strength of elee- 
trolvtic powder for a 1550" sintering tempera. 
ture. Furthermore, these three powders do not 
show the same excessive grain growth at 1550 
that the electrolytic powder, carbonyl! and 
milled powder do. 

Effect of time at sintering temperature was 


also investigated. Representative results fo 
electrolytic iron show little improvement afte: 
hr., say at 1550° F., except a slight improv 
ment in elongation, which reached 20° afte 
21 hr.} 

Recrystallization and Grain Growth—A 
series of photomicrographs showing grain 
vrowth in electrolytic iron are shown in Fig. 5 
In Fig. 5a the deformed structure due to com- 

pression at 33 tons per sq.in. is evident 

Recrystallization in particle boundaries and 

within particles is apparent after sintering 

at 1155° F.— see Fig. 5c. At 1380° F. an 
entirely new structure is evident — see Fig 
od, but some noticeable grain size contras' 
makes it difficult to say that the old partic! 
boundaries have been completely oblit- 
erated. Grain growth is excessive bewwee! 
1515 and 1650° F. in electrolytic powde! 


Fig. 5f shows grains many times the si/ 


of those found in reduced magnetite po’- 


der after the same treatments. 
SaveRWALD finds the temperature ©! 
excessive grain growth to (Cont. on p. 0! 


Fig. 5 Grain Growth With Increasing 
peratures. 150. Electrolytic iron, con 
psi., heated 4 hr. in dry hydrogen; « 
930° F.; c, 1155° F.; d, 1380° F.; e, 101 
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PRACTICAL DATA FOR 


Here are two books designed to help users of Molyb- 
denum steels and irons to conserve all alloying ele- 
ments, and possibly steel and iron, by getting the 
most in the way of strength, toughness and wear re- 
sistance with the lowest alloy content. 


“MOLY BDENUM IN STEEL” covers the funda- 
menta! metallurgy of Molybdenum steels. Heat treat- 
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PRESENT PROBLEMS 


ment — physical properties — applications — of a 
number of these steels are treated at length. 
“MOLYBDENUM IN CAST IRON” covers the et- 
fect of Molybdenum in gray iron, giving suggested 
analyses for practical applications and detailed dis- 
cussion of high strength (60,000 p.s.i. and up) irons. 
Both books will gladly be sent free on request. 


be m pany 
k City 
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Personals 


John S. Marsh @, editor of 
Alloys of Iron Research of the 
Engineering Foundation, has 
resigned to accept a position with 
the research and development de- 
partment of Bethlehem Steel Co. 


Raymond Vines @ is now 
metallurgist at the Ford Instru- 
ment Co., Long Island City, N. Y. 


J. R. McCarron @ has been 
appointed Philadelphia manager 
for Vanadium-Alloys Steel Co. 


Herbert J. French, national 
vice-president, @, who has charge 
of alloy steel and iron research 
at International Nickel Co., Ine., 
has been appointed senior tech- 
nical consultant in charge of the 
Metallurgical and Specifications 
Section of the Iron and_ Steel 
Branch, War Production Board. 


WHEN MACHINING 
BULLET CORES... 


@ The experience of the pioneer 
manufacturers now using skill- 
fully developed applications of 


Stuart's 


CY 


PATD U S$ PATENT OFFICE 


is available, upon request, to new 
prime or sub-contractors just starting. 


For All Cutting Fluid Problems 


D. A. STUART OIL CO. 
Chicago, U.S.A. LIMITED 
Warehouses in All Principal Metal Working Centers 


...the selection — 


of the right 
cutting fluid 


first will save 


time, tools 
and scrap! 
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Promoted by Peter 
& Co., Inc.: Russell B. irnett 
formerly Buffalo 
ager, to Philadelph branct 
manager; Leslie N. ctson 8 
formerly sales represe: ative, 


Bulfalo branch manag: 


Transferred: Fred J Herr g 
from the metallurgica depart 
ment of the Vanadium 
Steel Co. in Latrobe, Ps., to 4 
Cincinnati sales office. 


Weld Conley @ is now ep. 
ployed as civilian engineer by thy 
Naval Ordnance Laboratory 
Washington Navy Yard, Wash. 
ington, D. C. 


Barnet D. Ostrow @ is now 
research chemical engineer 
charge of research and develop. 
ment at Benrus Watch ¢ 
Waterbury, Conn. 


James J. Bowden, Jr. @ is nov 
a member of the U. S. Navy, an 
is stationed at the Naval Training 
School for Radio, Noroto: 
Heights, Conn. 


Manley W. Mallett © is co 
nected with the Owens-Illinois 
Glass Co., Packaging Research 


Division, as research chemist 


Glenn L. Brock @ is now wil) 
Hollywood Heat Treating ( 
Hollywood, Calif. 


John Wulff &, protessor 
metallurgy, Massachusetts Insti- 
tute of Technology, was recent! 
guest lecturer on powder meta 
lurgy at the Toronto meeting ‘ 
the Canadian Institute of Mining 
and Metallurgy. 


Thomas J. Donovan, Jr. & he 
severed his connection with Hil 
Chase Co. as manager of the tov 
steel department, and formed « 
partnership with M. B. Berryma! 
known as Donovan-Berryma! 
Co., Philadelphia. 


George L. Mitsch @ fas 
signed from the American 4! & 
Foundry Co. and is now employed 
as production assistant, Spec! 
Products Division, the 
Co., Philadelphia. 
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Parts Like These In One to Two Seconds 


Like many other materials powdered metals lend themselves readily to compressing. 
Finished products can be completely formed, ready for sintering, in a matter of 
seconds. Production rates of 10 to 50 or more per minute are usual for parts such 
as copper motor brushes, porous bearings, contact points, etc. Rates of several 
hundred per minute are often possible, depending on the size of the part, its form, 
material and pressure required and the machine used. 


With Stokes Automatic Presses, developed especially for compressing powdered 
metals, intricate as well as simple parts are being produced . . . half bushings, thin 
rings, flanged bushings, Alnico magnets, iron radio cores, iron gears, etc. These 
parts are dense and of uniform accuracy, made under identical conditions of fill 
and pressure. Density is accurately controlled, with pressure applied from top and 
bottom simultaneously or separately as may be required. 


Stokes Presses for powder metallurgy are rugged, powerful, practical and productive 

.. the result of many years of research and development work with engineers in 
this field. Built into them is our more than 40 years’ experience in the manufac- 
ture of automatic press equipment for forming chemicals, explosives, pharmaceu- 
ticals, ceramics and other materials. 


New, complete 48-page catalog is now ready. Describes advantages 
of Eccentric, Cam-operated and Rotary presses. Shows presses up to 
300-tons capacity and hundreds of parts made by compressing. 
Contains valuable information for reference. Write for your copy. 


F. J. STOKES MACHINE COMPANY 
6006 Tabor Road Olney P. O. Philadelphia, Pa. 


Kepresentatives in New York, Chicago, Cincinnati, St. Louis, Cleveland, Detroit 
Pacific Coast Representative: L. H. Butcher Company, Inc. 
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Model “'S" Press, a general- 
purpose machine, applies 30 
tons pressure. Output up to 
35 pieces per minute. 


Est. 1895 
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Personals 


Harold H. Strauss @ has ac- 
cepted a position as senior stress 
analyst in the Northrop Aircraft 
Co., Ine., Hawthorne, Calif. 


Robert E. Montbach @, ftor- 
merly of Bethlehem Steel Co., has 
been called to active duty in the 
S. Army. 


Robert R. Allen @ is now em- 
ployed as a junior metallurgist 
in the Materiais Laboratory at 
Wright Aeronautical Corp., Pater- 


son, N. J. 


John Conte @ and Lewis C. 
Cavalier @, recent graduates of 
the Pennsylvania State College, 
are now affiliated with the Min- 
eral Industries Extension Depart- 
ment as assistant supervisors of 


metallurgy extension. 


Bombs Bursting in Aif A 


Imagine a stock machinery steel 
strong enough to resist artillery 
bombardment. That is the rou- 
tine duty of ELASTUF TYPE A 
Heat Treated Alloy Steel, in this 
explosive test bomb, with which 
engineers test shattering pow- 
ers of high explosives. The 
cylinder must withstand violent 
shock, tremendous pressures, 


Send for this booklet 


“ELASTUF STEELS in ACTION” 


This booklet gives you many other cases showing how all 
ELASTUF Steels are meeting problems of application and serv 
ice. It contains a copy of the famous MACHINERY STEEL 
SELECTOR, a guide to the right steel for the job. A copy of 


this booklet is available, without obligation 


Heads in Purchasing, Envyineering and Plant Manayement. Ad 
dress Machinery Steel Division at the nearest address below 


must retain strength in face of 
abnormally high temperatures, 
and offer complete safety. De- 
pendable PERFORMANCE rec- 
ommended ELASTUF TYPE A 
for this bomb—the same per- 
formance that has suggested 
this steel for 
many arduous 
jobs. 


to all Department 


BEALS-McCARTHY & ROGERS ¢ BUFFALO-ROCHESTER 
BROWN-WALES CO. © BOSTON, MASS.-LEWISTON, ME. 
HORACE T. POTTS CO. © PHILADELPHIA-BALTIMORE 
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Ensign J. D. Rusch @. for. 
merly assistant to the ¢ 
superintendent in the ssemp), 
and repair department » the 
Naval Air Station in | 
Fla., is now in the | 


neering 


iSacola 


Cau of 
Aeronautics, Navy Departyyer 
Washington, D. C. 


William H. Bassett. Jr. 8 
technical superintendent apg 
metallurgist, Anaconda \Vjre and 
Cable Co., is on active duty as 
captain in the Ordnance Depart. 
ment with assignment as metal. 
lurgical assistant, Industria) 
Service, Inspection, Office of 
Chief of Ordnance, Washington 


James E. Davis @, formerly 
an inspector at Jones & Laughlin 
Steel Corp., is now a junior 
aeronautical engineer, Aeronay- 
tical Materials Laboratory, Nava! 
Factory, Navy Yard, 
Philadelphia. 


Cecil N. Hoagland @, formerly 
research and development engi- 
neer, the Bullard Co., is now divi- 
sion manager of the Murray Mfg 
Corp., Brooklyn, N. Y. 


J. L. Spears @ is now em- 
ployed as line supervisor for 
Canadian Car Munitions Ltd, 
Montreal. 


W. H. White @, district man- 
ager for Allegheny Ludlum Stee! 
Co. in Cleveland, has been made 
director of sales for Atlas Steels 
Ltd., Welland, Ont., Canada. 


Called to active service with 
the Navy Bureau of Ordnance as 
lieutenant commander: Arden L. 
Knight, past chairman, Boston 
Chapter @, member of Nationa! 
By-Laws Committee, and 
merly sales representative for 
Latrobe Electric Steel Co. in Hart- 
ford, Conn. 


A. C. Carlton @, curator ol 
fuels and metals, has been givel 


temporary leave of absence from 
the Museum of Science and In 
dustry, Chicago, for an ign- 


ment in the small fuze and prime! 
section, Ammunition Diy 510" 
Chicago Ordnance Distri: 
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Irs reassuring these days to see those 


sturdy Bell System trucks along the 


Realy to g0 anywhere highway. 


They are mechanized motor units. Each 
has a highly skilled erew: each has its 
a QUICKLY own tools, power and materials. They 
are ready and efficient and can be 


mobilized anywhere, any time. And 


there are more than 27.000 of them. 


This is just one way the Bell System is 
prepared to keep lines open and ready 
for war-time service — no matter when 


or where the test may come, 


"We'll keep ‘em rolling 
— wherever the 
war needs call."" 


> > 
BELL TELEPHONE SYSTEM... Service to the Nation in Peace and War ‘Bo 
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England Limits Tungsten in 


kavtracts from 
The Engineer 
Feb, 20, 1942, p. 159 


HORTAGE in tungsten and 
cobalt has caused the British 
Iron and Steel Control to issue 
an order on Feb. 13 prohibiting 
the manufacture of high speed 


toolsteel containing more than 
tungsten, except under 


High Speed Toolsteels 


specific license issued when it is 
proved that substitute steels are 
not suitable. Similar restrictions 
are placed on the 18% tungsten 
toolsteels containing cobalt. 

* ‘Substitute steels’ consist of 
known and proven compositions, 


PRICELESS TIME RUNS FAST 


schedules right and left. 


born ROTOBLASTING. 


all the facts. Wire today. 


PAN GCBORN 


WORLD'S LARGEST MANUFACTURER OF DUST COLLECTING AND BLAST CLEANING EQUIPMENT 
PANGBORN CORPORATION ... 


Dowels Triple its value by 
ROTOBLASTING! 


Right now—today—TIME IS PRICELESS! 
swiftly slipping away— 

We realize—at the last minute—that DELIVERY OF 
PRODUCT—both by industry and fighting men—is the 
only thing that counts in war. 
metal parts that make up our great armament schedule 
—all the castings and forgings and heat treated parts used in tanks 
and ships and guns—must be DELIVERED faster and faster—before 
time runs out—SEFORE IT IS TOO LATE! 


Pangborn ROTOBLAST Tables, Barrels and Special Cabinets—many 
operating twenty-four hours a day—are cutting blast cleaning time 
Gray iron, steel, alloy and malleable cast- 
ings; forgings; steel products including shells, bombs, armor plate, 
tank and gun parts are being DELIVERED—-TODAY—because of Pang- 


Can short cuts be opened up for your deliveries—work turned out 
FASTER—BETTER—AT LESS COST? An inquiry will quickly bring you 


Yet TIME is 


All the large and small 


HAGERSTOWN, MARYLAND 
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of which the following yo 4, 
typical grades: 


SUBSTI- 

TUTE 66 
Molybdenum 5.0 to 60 
Tungsten 5.5 to 6.5 3.5 
Chromium 4.0 to 5.0 3.5 1 


Vanadium 1.25 to 1.5) 1954 


“Users who so far haye , 
experience in molybden 
are advised to accept th 
experience in both America an 
this country that ‘Substitute ¢ 
corresponds closely to standard 
18% tungsten high speed stee| 

The control contains 
“specific notes of guidance drawy 
up partly from American sources 
and partly from experienc 
available in Sheffield among, 
steel manufacturers who hay 
done work on these 
These notes follow closely th 
recommendations on heat treat- 
ment made by the American 
committees advisory to OPM 
published in Meta 
September 1941. The following 
remarks on segregation of seray 
are of further interest: 

“Scrap segregation in users’ 
works will be a very real prob- 
lem, but it is of vital importance 
to all steel manufacturers. Fai 
ure to separate and identify scrap 
from substitute steels can only 
lead to trouble when that scrap 
comes back to the steel works 
All steel makers will adopt the 
standard designations of ‘Substi- 
tute 66° and ‘Substitute “4 
respectively when stamping, 
labeling, and invoicing, in addi- 
tion to any brand marks. You 
are earnestly requested, in your 
own interests and to assist stee! 
manufacturers to carry the heavy 
burden which the change places 
upon them, to see that scraj 
from substitute steels is kept dis- 
tinctly separate from scrap from 
high tungsten, high speed s‘eel, 
is clearly identified, and that this 
identification follows it right 
through your works and is asso- 
ciated with all invoices ane 
advice notes when you return 
scrap to your steel supplier. The 
less scrap changes hands thie less 
chance there is of mixing; tere 
fore, return it directly t 


order 


steels” 


PROGRESS. 


producer of high speed stee! wh 
will always allow you the ng 
Ministry of Supply price it 
according to quality.” & 


te 
Bris’ 


THE PROPERTIES OF LEAD 


Work Hardening & Resistance to Flexure Failure 


A test to measure the increase in hardening due to cold working 
was devised, and the following results were obtained on various 
grades of lead and some of its alloys. 


DESCRIPTION OF SPECIMEN INCREAS! 
Corroding Lead 99.99+% (.006 Bi) — Rolled 1% 
Common Lead 99.85+% (.12 Bi) — Rolled 2% 
Corroding Lead 99.998% (no Bi) — Rolled a% 
Common Lead 99.98+% (.002 Cu) — Rolled 12% 
Chemical Lead 99.92+ (.06 Cu) — Extruded 9% 
Tellurium - Lead (.06 Te) — Extruded 26% 


These results were obtained with loads of 1100 grams. Extruded calcium 
lead alloys containing .03% Ca were tested at higher loads, as follows: 


1300 1500 1900 2100S 2200 
grams grams grams grams grams 
Increase in 4 60, 22% 22% 23% 18% 


Hardening 


Resistance to failure by bending was tested by subjecting strips of lead under 
stress of 200 pounds per sq. in. to reversed 90° bends made alternately over 
5” diameter rolls at a rate of 11 cycles per minute. 


GRADE OF LEAD OF SPECIMEN “FAILURE, FLONGATION 
Common Lead 99.85 + % Extruded 72 49 
Chemical Lead 99.92+ % Extruded 103 52 
Corroding Lead 99.99% Extruded 54 35 


The properties of work hard- 
ening and failure by bending, 
are of interest where the lead 
in its application is subjected 


to cyclic loading or flexing. 


Shown at right are lead lined 


steam separators (4' x 6' 634°") 


in chemical plant. 


ST. JOSEPH LEAD COMPANY 


250 PARK AVENUE + NEW YORK «+ Eldorado 5-3200 


THE LARGEST PRODUCER OF LEAD IN THE UNITED STATES 
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~ NOW MORE THAN EVER 
ATTENTION COUNTS 


For 2, 200,000,000 “Breaks” 
Bendix -Scintilla chooses Aeralloy 


In a Bendix-Seintilla aircraft just as Wileo Contact Alloys 
magneto, a pair of contact — solve electrical problems so too, 
points must make and break 4 do Wileo Thermometals (thet 
amps at 180 volts 2.200,000,000 — mostatic bi-metals) control tem 
ltimes—as a minimum. perature or give unfailing posi 

A tough job? Certainly. But tive reaction to temperature 
Bendix-Seintilla finds the an changes. Write today for the 


swer in Wilco Aeralloy—and Wilco Blue Book. 


the H. A. WILSON CO. 


105 CHESTNUT ST., NEWARK, N. J. 


Branches: Chicago and Detroit 


—jibsiloy 
ELECTRICAL CONTACTS 


Gibsiloy electrical contact mate- 
rial, produced by means of pow- > —| 
der metallurgy, combines metals 
which cannot be combined by 


other methods. The resulting ma- 
terials combine the desired char- \ 
acteristics of the constituent ele- ‘ le 
ments, With Silver as the princi- & 

pal ingredient, high electrical and 

thermal conductivity and low con- 7 A 
tact resistance are assured, while 
the following properties may be 

added as desired: 


TOUGHNESS, HARDNESS and LONG LIFE—-by the 
addition of Nickel. 

NON-WELDING CHARACTERISTICS—by the addition 
of Graphite (a non-fluxing element), or Molybdenum or 
Tungsten (metals with high melting points). 


Gibsiloy is highly ductile—consequently can be supplied in al- 
most any shape desired. rite for Catalog C-10, containing 


complete information on GIBSILOY Electrical Contacts and 
contact materials. 


Gigson Ecectric CoMPANY 


8358 Frankstown Ave., Pittsburgh, (21) Pea. 


Iron Powde, 


Cont. from p. 530) be higher for the j 


he used, and states that the phenomenoy. js 
pendent of the pressure, powder size an! pow, 
origin. SCHLECHT and his co-workers fi e the 
contrary, that excessive grain growths oecey, 
1470° F. in compressed carbonyl powde: to 10 


in size). In our own work we have observed th. 


the temperature of excessive grain growth and {hy 


he pow. 
der, its shape, size distribution, purity and origi 


extent to which it occurs is dependent on 


and is also dependent on the pressure employed 
Of these factors the most important is th purit 
of the powder. This is illustrated by experiments 
with the powder from reduced magnetic oy 
(which of course contains the remains of nop. 
metallic mineral impurities). The reluctance with 
which this reerystallizes suggests that the sam 
conditions are operating as in tungsten, where 
is possible to suppress grain growth with additi 
igents, or to accelerate grain growth by others 
It is significant that those powders which exhibit 
excessive grain growth have a first maximum 
strength and density at temperatures slightly below 
that at which grain growth begins. 

Another point needs to be stressed, namely 
that on heating loose powder masses, powders 
which recrystallize readily sinter at lower tempers 
tures than powders which are pre-annealed — pi 
vided, of course, they are uncontaminated 

Effect of Particle Size 
studying comminuted and annealed iron powders 


Foreign workers 


of different size distribution, report that a powder 
mix which contained only 200 mesh materia 
when pressed at about 46 tons per sq.in. and heat 
treated at 2065° F. in hydrogen for 30 min. exhih 
ited higher tensile strength, higher yield point and 
Brinell hardness than three other powders | 
coarser size distribution. In every case, excessi 
grain growth was independent of the powder siz 

We made similar studies on pre-annealed elec- 
trolytic iron powders, and the trend of our results 
is similar. Best hardness comes from the fines! 
sizes (325 to 500 mesh); however, best results 0 
other properties come from mixed sizes (66 
coarse, 17° medium, 17% fine). 


FINE Powpek Mrxep Powe! 


Brinell 15.4 39.4 
Tensile 30,000 31,001 
Elongation 13.0 16.5 
Density 6.90 7.27 
We do not wish to emphasize the par/icular 
size distribution, for some variation in each of the 
size fractions does not seriously alter the prope™ 
ties obtained. We can nevertheless say 


increase in the percentage of (Cont. on 
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LIST YOUR 
UCTS BEFORE 
°0,000 MEN 


| THE METAL PRODUCING AND 
aL WORKING INDUSTRIES 
| IN THE 


METALLURGICAL CATALOG 


| ds of inquiries to ad- 

ave proved the value 
| er helpfulness of the 
editions of the Metal- 
| jurgics Catalog. They guar- 
| advertising effective- 
| the forthcoming 4th 
| 


copies of this tested 
guide for the metal 
vo and metal producing 
| es insures the broadest 
| ve of the biggest market 
lustry today. 15,000 copies 
e included in the June 
Metal Progress as the 
| Where-To-Buy section, provid- 
a complete six-month long 
werage of the important 
American Society for Metals 
membership. 5,000 copies will 
ke up the Metallurgical Cata- 
printing, and will be placed 
the hands of additional ex- 
ecutive, engineering and pur- 
hasing factors in the metal 
lustry. 
The urgent search for sources 
| of metals, methods, products 
production equipment in- 
ires constant reference to this 
| Catalog. All companies who 
| inufacture products listed are 
nvited to participate, whether 
they advertise or not, in an 
| effort to create the most helpful 
ind complete buyers’ reference 
for the industry. This policy 
has paid off in reader satisfac- 
t and in advertising results. 
In the new edition to be pub- 
shed in June, bold-face type will 
provided for the listings of 
idvertisers in the buyers’ guide. 
\dvertisers will enjoy two big 
ntages—the 20,000 circula- 
coverage of this big indus- 
and prominent bold-face list- 
ings for their company under all 
the product headings for which 
they classify. 

(\dvertising rates for the 
oming buyers’ guide have 
veared to economy to per- 
i\dvertisers to present the 

ete details of their prod- 


va 


ireds of important manu- 
rers will be listed 
ertain your company 
tes under its proper pro- 
classifications re- 
advertising space and 
bold-face listings now. 
folder giving complete 
and advertising rates. 


AMERICAN SOCIETY 
“OR METALS 


7301 id Ave. Cleveland, Ohio 


Amsco Alloy Battles on the 
Industrial Firing Line. . . 


To “Keep “Em Rolling, Flying and 
Firing” it requires steel and more steel 
steel for machine tools—steel to with- 
stand the sears of battle—better steel 
which implies heating and heat treat- 


ment on a vast scale. 


To keep heating furnaces and heat- 
treating furnaces in constant operation 
with a minimum of shut-downs Amsco 
Alloy has “enlisted” in many metal 


working plants. 


Cast parts of this series of chromium 
nickel alloys provide a maximum serv- 
ice life when applied to equipment 
involving the use of high temperature 
because 
1. There is a grade formulated to 
withstand various degrees of heat 


or corrosion, or both. 


2. All castings are produced under 
rigid metallurgical laboratory 


control. 


3. Users benefit from Amsco’s ex- 
perience in designing cast parts 
that take into consideration metal- 
lurgical factors; designs that 
have been proved in our Experi 


mental Foundry, x-ray laboratory 


and in actual service. 


Amsco Alloy is directly aiding our 
gigantic war production effort—battling 
on the industrial firing line—by con- 
serving cast parts less suited to this 
service and by minimizing maintenance 


and down time, thereby keeping produc 


AMERICAN MANGANESE STEEL DIVISION 


ME AMERICAN BRAKE 


& 
Chicago Heights. 


tion at a steady pace and saving man 


power, 


Bulletin 108 shows what Amsco Alloy 
is doing for industry and tells of the 
painstaking care taken in the produc 
tion of every casting practices that 
have resulted in the widespread use of 
this alloy by heat treaters and furnace 
builders. A copy may help reinforce 


your firing line. 


FOUNDRIES AT CHICAGO HEIGHTS, ILL.; NEW CASTLE, DENVER, COLO; OAKLAND, CALIF; 
LOS ANGELES, CALIF.; ST. LOUIS, MO. OFFICES IN PRINCIPAL CITIES 
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ed 
Non-cooled shafts and sos of Ames Alls grad 
F-10 for roller bottom fu e in a sheet mi Heat 
Ingot soaking pit burner tips of alloy F-3; a grack 
vie maximu service where te 
high but unt tuating and tow toad « g« ty 
is req i l, 
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Amsco Alloy F-1 which ‘ ! 
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Charging basket support-gr und seat ring of F-10 
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Dolomite Brick” 


URTHER replacement of mag- 

nesite and chrome-magnesite 
bricks by dolomite bricks in 
openhearth and reheating fur- 
naces would reduce the strain on 
shipping and free magnesite for 
positions in which its use is at 
present essential. Successful 


experiments along this line on a 
works scale were made in 1934 
in Great Britain; bricks of a 75-25 
mixture of dolomite and “Suda- 
nite rock” gave encouraging 
results in openhearth furnaces. 
However, they hydrated in stor- 
age and “dusted” in the furnace. 
Further tests indicated that cal- 
cined dolomite could be stabilized 
by firing it in a rotary kiln with 
a suitable admixture of serpen- 
tine. Bricks made from such 


Backed by twenty years’ 
experience confined 
solely to the production 
of high alloy castings. 


This is your assurance of 
getting a sound casting to 
take care of that condition 
of high temperature, corro- 
sion or abrasion .. . for ex- 
perience is the most impor- 
tant factor in the production 
of the so-called high alloys. 


Write us in detail about your 
problem. Our metallurgists 
will be glad to recommend 
the proper analysis and will 
advise whether or not a cen- 
trifugal casting, which is dis- 
tinctly better than static cast- 
ings, can be used. 


THE DURALOY COMPANY 
Office and Plant: Scottdale, Pa. 


Eastern Office: 12 East 4ist St., New York, N. Y. 
Detroit Scranton, Pa. Los Angeles 


The Duraloy Co. 
of Detroit 


Coffin & Smith 


Great Western Steel 
Company 


Metal Goods Corp.: St. Louis—Houston—Dallas—Tulsa—New Orleans 


4-DU-2 
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clinker do not contain 
and do not “dust”, 4 
pare favorably in prope $ wit 
magnesite bricks, but th: have 
lower resistance to ther: shori 
and to corrosive slags high 
iron oxide, | 

They have been used wiv 
complete success in the tap-holes 
hearths and banks of fixed open. 
hearth furnaces and in the ban). 
and top layers of the sub-hearth 
of tilting furnaces. They hay, 
also given good service in reheat. 
ing furnaces at temperatures 9 
heavy scale formation. 

Dead-burned magnesile jp 
stabilized dolomite brick increases 
the thermal shock resistang 
sometimes to a spalling resistance 
index of 30 reversals. 
bricks have had a limited success 
in exposed positions. 

Semi-stable dolomite bricks 
have a low porosity, good crush- 
ing strength, a high refractori- 
ness-under-load and good therma 
shock resistance. Their resistan 
to slags high in iron oxide and 
lime is greater than ordinar 
stabilized dolomite brick. Hoy 
ever, they can be stored for on\ 
a limited period. 

The tendency of dolomit 
chrome bricks to soften at wor 
ing temperatures has _ prevented 
their commercial application 

Magnesite-dolomite bricks 
have a low porosity, a hig! 
refractoriness-under-load, 
unusually high thermal shoc! 
resistance, and a slag resistance 
only slightly inferior to that o! 
magnesile itself. 80-20 magnesite- 
dolomite bricks have given 
encouraging results in_ tilting 
furnace back walls. 

Dolomite bricks in which th: 
lime is protected from hydratio! 
by a coating of flux have an equa 
life, and a higher thermal! shoe! 
and slag resistance than chrome 
magnesite bricks in fixed opel 
hearth furnace back walls « 


*Abstract of “Dolomite Bricks 
for Use in Steel Works”, by ! 
Swinden and J. H. Ch S, 
Advance Paper for British 
Steel Institute, August 1941. 
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HEVI DUTY 
FURNACES 


Top quality for Sier Bath 
“Tailor Made Gears” is 
assured through uniform 
heat treatment. Sier Bath 
gears are carburized in 
Hevi Duty Vertical Retort 
Electric Furnaces having 
multiple zones of heat con- 
trol—a guarantee of uniform 
and precision carburizing. 


Send for Bulletin HD-142. 


Above—tThe new Sier Bath 
Plant at North Bergen, N. J. 


Below—Two HD-1824 Vertical 
Retort Furnaces at Sier Bath. 


DUTY ELECTRIC COMPANY 


HEAT TREATING FURNACES eEtectric EXCLUSIVELY 
MILWAUKEE, WISCONSIN 
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*% Uniform strength 
*% Uniform endurance 


*% Uniform forming reaction 


Colites precision-and-quality contr draw 
ond treating processes guorantees dependoble CALLITE 
uniformity of composition, temper, tolerance and FINE WIRES 
finish nm fine wires for every need ze 
down to .002” (smaller if required.) If challenged for every need 
by ta or w t tect 

BERYLLIUM-COPPER 
give you the benefit of Callite’s great bocklog PHOSPHOR-BRONZE 
of metaliurgical research Sove precious time ) ALUMINUM 
Callite today! Callite Tungsten Corporati SULVER 
557.39th Street. Union City. New Jersey STAINLESS STEEL 
Branches. Chicago. Cleveland Cable Cabline MOLYBDENUM 

MONEL 


NICKEL-SELVER ALLOYS 

BRUSH WIRE 

TUNGSTEN 

Z COMMERCIAL BRONZES 
+, BRASS — ALL GRADES 

SILICON BRONZE 
y 


SPECIAL ALLOYS 


% Uniform crystal structure 


a complete stock of standardized 


INDUSTRIAL THERMOCOUPLES 


and their accessories 


for all makes of pyrometers 


THERMOCOUPLES LEAD WIRE 
THERMOCOUPLE WIRES 
INSULATORS TERMINAL HEADS 
CONNECTORS 
PROTECTION TUBES 


ARKLAY S. RICHARDS CO., INC. 


72 Winchester St. Newton Highlands, Mass. 


Iron Powde, 


(Cont. from p. 540) fines above about 4 


ously affects the cold-pressing quality © the » 
der. Admixture of electrolytic powder. all fin, 


than 25 microns, up to about 10% to { mixtur 


of 66° coarse, 17% medium and 17° 


or 


use of a 17° coarse, 66° medium and 


mix does not appreciably alter condition With 
limits many different size distributions are 
quate for pressing sharp angled compacts py 


ij 


unless lubricants are employed, ease of pressing 

to shape and automatic ejection are more diffiey) 

the higher the percentage of extreme fines, 
Micrographie studies of compacts of elect 


itt 


lvtic iron, sintered at 1515° F., show that all 
completely reerystallized and the gram size hy 
been affected by the initial size of the powder used 
When heat treated for 4 hr. at 1560 to 1650° | 

the temperature region of excessive grain growt! 
all four structures are alike in that the grain six 
is extremely large, as in Fig. 5f. In this tempery 
ture range large grains are first apparent (aft 

30 min.) in the compacts of mixed particle sizes 

Post Working — A comparison of the physics 
properties obtained with fusion products and wil! 
powders of the kind here described, leaves muc! 
to be desired in regard to the latter. Some improv 
ment is to be expected for higher sintering ten 
peratures and some for cold re-pressed ai 
annealed materials; properties equivalent to thos 
of fusion products are only obtained after ho! 
working or hot pressing. 

Electrolytic powder of the mixed particle siz 
already described was cold pressed at 33 tons |» 
sq.in. into bars 642 42 in. and sintered 4 hi 
dry hydrogen at 2200° F. One set of samples was 
reduced hot in a forging die with a 300-Ib. moto 
driven hammer immediately after removal frou 
the furnace. Another set of samples was cooled 
in hydrogen and re-pressed cold at 33 tons pe! 
sq.in. To achieve greater cold reductions tha 
were possible with the available press, cold sway 
ing of the bars was carried out. Cold reductions 
greater than 38% required an intermediate «nnea 
All specimens were annealed in hydrogen a! 1830) 
F. for a half-hour and furnace cooled in 6 hr. fren 
this temperature. The major part of the interns 
oxide acquired in hot forging was subsequent!) 
reduced in the final anneal. From the test results 
it becomes evident that the density and percentag' 
elongation of the hot-worked samples are apprec’ 
ably better than the cold-worked. 7.9% re yction 


of hot metal is more effective than a cold rr — 
of 31.5%. The former gives 36,600 ps! nsile 
strength, 34.5% elongation and 7.78 g./ce. 
the latter 35,450, 24.4 and 7.68 respectivel) a 
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For THE BIG GUNS 


RIGIDITY, 
IMPACT RESISTANCE, 
PERFORMANCE, PRECISION 


Did you ever see... 


a gun big enough and powerful enough to throw a projectile weighing as 
much as a Ford sedan a distance of 30 miles? 

That is the kind of guns we are building for coast defense. Gun, carriage 
and mechanism weigh as much as three-quarters of a million pounds. 

It is certainly logical that they should build the supports for such 
heavy ordnance of steel castings. 

Steel castings are rigid and strong enough to support tremendous 
weights, and to withstand tremendous shocks and impacts. They permit 
accurate assembly and precision adjustment. And they can be made and 
assembled quickly—a vital consideration in our race against time. 

Whether the essential parts of your product are weighed in ounces or 
tons, chances are you can save time and money, and turn out a better 
product, if you also use more steel castings. 

To learn more about this thoroughly practical way to secure all of the 
unquestioned advantages of steel as a material, consult your local foundry- 
man, or write to Steel Founders’ Society, 920 Midland Bldg., Cleveland. 
You incur no obligation by asking for information. 


STEEL CASTINGS BRING YOU 
THESE JZ ADVANTAGES 


Uniform structure for strength 
and shock resistance. 

Metal distributed for strength 
with minimum weight 

Wide range of mechanical prop 
erties. 

Good machining qualities 
lower finishing costs, better 
appearance. 

High rigidity, accurate align 
ment, minimum deflection, 
better fit. 

Readily weldabile in composite 
structures. 

High fatigue resistance, longer 
life, ideal for critically stressed 


parts. 


MODERNIZE AND IMPROVE YOUR PRODUCT WITH 


r 
& 

¥ 
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Strategic and Critical Materials 


status of all materials is con- 
stantly changing. 

Group | is made up of mate- 
rials that are critically essential 
for the prosecution of the war. 
civilian 


= “as of March 12, 1949 


\X/AR PRODUCTION BOARD 

has issued a “provisional 
Fal, report on the relative scarcity of 
Harvey A. For 
industry must largely find sub- 
Metals included are: 


certain materials”. these materials 
4 ANpersOoN, chief of the Conserva- 
tion and Substitution Branch of 
the Bureau of Industrial Con- 


servation, emphasized that the 


stitutions. 
Alloy steel including iron alloys 
and wrought iron, aluminum, 


R-S Furnaces are “tailor-made” for the 
particular heat-treatment of a particular 
product in a particular plant. This calls 
for engineering ability of high calibre— 


if ability to pool experience and take ad- 
cae, ; vantage of local conditions for quick, 
quantity and quality production. 


For resourcefulness, inventiveness and 
downright engineering skill, R-S Engi- 
neers are equal to the best. Add to 
this the foresight of preparation for 
quick delivery and you can do no better 
than to invest in an R-S Furnace, re- 
gardless of your product or heat-treating 
requirements. 


Write or wire for detailed information. 


Ag R-S PRODUCTS 
CORPORATION 


110 Berkley Street = 
Philadelphia, Pa. 


RS 


FURNACES OF DISTINCTION 


i 
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aluminum scrap, cad» eal. 
cium-silicon, chromi cobalt 
copper, copper Scra Iridium 
lead, magnesium, tip. 
plate and terneplat; ungste 
(high speed tools), vanadiy 


Other items used by AS lembers 
Chlorinated hydrocarbon 
vents, long fiber Mado. 
gascar graphite, and ting ojj 

Group II contains mate; 
which are also necessary for yw. 
production and essential! indus. 
trial activity, but the supply 
not as tight. Necessary civiliay 
industry may obtain limited sy 
plies from this group to replac 
unavailable materials, when sp 
cific cases are considered to } 
sufficiently important. 
included are antimony, arsen 
beryllium-copper alloys, calciun 
manganese, mercury, molyh 
num,* platinum, rhodium, eay- 
bon steel, steel scrap, zine 4 
grades). Miscellaneous pn 
metallic items include anhydrous 
ammonia, barium 
borax, carbon tetrachloride, ery- 
olite, diamond dies, natural gas 
and palm oil. 

Group IIT lists materials the 
are more available for substitu- 


carbonat: 


tions, although in no case can 
the supply be considered unlim- 
ited, since other factors than th: 
material itself may determin 
the amount available.  Restru 
tions are commonly imposed, bul 
supplies are not critically short, 
except in the case of iron and 
steel. The following are som 
items classed by Mr. ANDERSOS 
as “substitute materials”: Com- 
mon asbestos, firebrick, coal and 
coke, gold, iridium, salt, silver 
“Materials available in varying 
amounts for substitutions 
include bismuth, palladium, 
petroleum oii, ruthenium, silicon 
and its alloys, uranium. “War 
materials presently now’ avail- 
able for substitutions in critical 


civilian industry” are basic 
carbon steel, bessemer stec!, $f) 
cast iron, and malleable iron. @ 


*Placed under complete alloc 
tion “because demand has over 
taken supply” on March 15 
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QUALILY NAMED LV ALLUY 


CORROSION 


estrictions on Nickel & Chromium;—“Ersatz Alloys” 


duction Board called a this alloy is unproven above 1100° F.. and limited Chromium saving through reduction of alloy sections, 
sce Manufacturers, Oil below Nobody could support any alloy below 24cr- and weights through engineering, by the use of sev 
facturers The meet- i2ni for intermittent heating at any red temperature era! allovs to meet varving conditions in the same 
F f nserving Nickel and Suitable for general application, and a large major- furnace, by armoring Ersatzalloys with proven mat 
: in our VICTORY Pro- ity of the broadly experienced i luals i eacl ri by generally apy he ghtest and most 
ply group have small enthusiasm applicatior > ient alloy designs have bee prove 
of ‘24-12 in intermittent I ations, al ice 
presided over by Dr though there are a number of such successful opera- 
; ne Consultant of the Iron tions, and the variations of this alloy, of whic! Pur saving of Nickel] & Chromium is not an end 
B. Dean Bradley Stough- General Alloys makes considerable tonnage, hold in itself, The UTMOST UTILIZATION of th 
- Treating Equipment, repre- definite promise Nickel & Chromium available to our VICTORY 
Department, Office of t UR COMMON END The Alloy Casting 
rnment Agencies T HERE is some research work on cor me only 6 of our tota nicke 
¢ esented Under alloys recently done by Battelle Memorial that very little of the remali o4 is 
several users who buy for ] Casting Institute, : VICTORY. and cannot be Ersatzed wit! 
Furnace Builders, and is a Member), which has less hazard to VICTORY PRODUCTION 
we than many of the wide We consider this 
ocaren » aS far as it has gone, E point out that it is not uncommon for ONE 
duplicates work done years ago POUND OF Ni-Cr ALLOY TO CARRY ITS OWN 
fraction of the Metallurgical Corporation, and oth WEIGHT IN ORDNANCE MATERIAL EVERY ONE 
the bulk of all remote from the practical consider TO TEN HOURS There are many installatior 
isc. alloy trays. conditions and foundry practice where two thousand pounds of alloy 
: prising about 90% drawn around this research, while . twenty-five tons of load through a furnace per day 
t-Treats, is bought direct by a number of compe tent procu - for yea! The failure of a one pound alloy nh 
W.P.B. will make an effort to trolled conditions, are definitely re y furnaces wo eakdow tir the 
a that grades of raw materials not freely or dependably ate 
viewpoint and experience. - loss ve to fift mate en te A fifty 
2) use ' available, and are of chief interest to the Petroleum mat heat treat ofte1 dies the oduc P of ‘ 
= Industry and their suppliers theusand machine ope! ters threush a few furnact 
ed picture than 1e ur- - 
_ been giving one year Tue Alloy Casting Institute is expanding its Re- T xe shortage of Nicke & Chromium may become 
ip by the Alloy Mfr., and search Program, to aid in Nickel & Chromium con- so acute, that we stop using it in porthok for 
Allov Mfr. who lives. with servation and aid to VICTORY through betterment Corvettes, stop shooting it at the enemy i1 he 
- field. The user has the only of alloys. We are fully supporting that program, and and can afford. as a Nation. to trade PRODUCTION 
: - ® THE EXACT CONSEQUENCES doing more extensive research on a General Alloys INTERRUPTIONS FOR NICKEL 
> IcK yracticai application o aii avalliadie ec 
EQUENT BREAKDOWNS in his knowledge not employed in practice QR Government, in_its wisdom, must make the 
decision on Nickel & Chromi illocatior We fee 
sonfident that it Will make a careful ¢ iluation 
ting was well attended. All THERE are a lot of Development” and “Research —— possible choice. GENERAL ALLOYS 
e problem with patriotic zeal eggs in various incubators, a lot of which are WILL CHEERFULLY, WHOLEHEARTEDLY COOP 
tated that price of alloy was minus rooster, if not hen. Wishful thinking and ERATE IN ANY DECISION RENDERED. AND WILI 
, the Alloy Mfrs. ex- metallurgical hybridizing will prod ice a plethora, if USE OUR UNEQUALLED ENGINEERING AND 
anything that would not a diarrhea, of “heat resisting cast trons,” and METALLURGICAL EXPERIENCE AND FACILITIES 
: G nment is undoubtedly Caveat Emptor Ersatzalloys, many of which have INCLUDING PATENTS & PROCESSES IN THE COM 
f telligent evaluation of sprung from a gleam in a salesman’s eye born on MON GOOD 
: ce of different applications April Fool's day 
to VICTORY and Dr. Water- = HMoys have the most complete melting 
4 tes are eminently qualified to Ir is not our purpose to belittle Ersatz, we may be G enerat a Ps = wy Coen i, “ry 
vuugh investigation necessary to using a lot of Ersatz in many lines before we whip ny " Phase ‘Indir . 
t the Natzisobs, Japsobs, Wopsobs, and all the little FPreauency Inductiot 
requenc nduction il 
Axisobs,—but let's not kid ourselves about it The trained organization to ati " 
fST THUM, Editor of Metal Progress, has in Ferro-manureum content should be on the label gested on any alloys, Ersatz 
covered the Cleveland Meetings of Apr. Ist 
and gives you the outline of the recom- E veryoneE would like a good nickel cigar or a Tose users who have chosen their alloy pplic 
s of the Furnace Builders and Alloy Mfrs. good ten-cent golf ball There are few Purchasing on the basis of past technical achievement have 
Agents who have made a practice of buying alloys grounds to expect sound guidance in the troublesome 
r BEI these were of necessity hastily of richer alloy content, and higher price, than they times ahead 
mpromise of the Engineering believe they need We've passed through a depres- 
igment of these groups with sion in which everything was pretty well chiseled Watch this page for new developments in HEAT & 
Nickel & Chrome conservation down to a standardized mediocrity There are ex- CORROSION RESISTANT ALLOYS 
promises are on microscopically ceptions where better than necessary alloys are used, 
written into an order by W.P.B., but less, we believe, than cases where the more ° 
with Heat Treating operations severe demands of VICTORY Production have neces- 
" f ven inferiority into pro- sitated increase in alloy quality ; 
lab to the line . AssumPTION that we can make very appreciable x . 
economy in Nickel use by metallurgical sub-substi This is an advertisement of General Alloys Compar 
greed on 6 chrome as a com- tution without costly interruption to production, or Oldest and Largest Exclusive Manufacturer of Heat 
rature inges up to 1400° F., greatly increased inventories is, we believe, less & Corrosion Resistant Alloys Main Office 367-40 
mm brought out the facts that promising than the obvious possibilities of Nickel & W. First Street, Boston, U.S.A 
Best Way lo Save Alley tA 
- - 


This ,’,” “Equi-Flex” X-ite Muffle is one of several supplied the Allis-Chalmers Com- 


pany for use in their SURFACE COMBUSTION GAS CARBURIZERS. Similar de- 
signs have been supplied for HOLCROFT GAS CARBURIZERS. 
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Foundrymen 


(Continued from page 527) 
the pattern is constructed. Some- 
times the designs can be modified 
without harm to the functioning 
of the part, vet with great help 
to the foundry. 

“ArmaSteel” was described 
by Cart F. Joseru, chief metal- 
lurgist of Saginaw Malleable [ron 


Division ot General Motors Corp. 
This is a heat treated malleable 
iron (or “arrested malleableized 
steel”) made from white iron 
castings containing about 2.65° 
C, 1.300 Si, 0407 Mn, 0.13% 
and 0.05 P, cupola melted, and 
transferred to electric furnace 
for close control of chemistry, 
and for superheating. After 
malleableizing about 15 hr. at 
1750° F., the parts are oil or air 
quenched from 1600° F. and 


—because... 


It increased production 67%! Ductility 
Plus 
It saved $60.08 per ton of steel used Machinability 
(230 SFPM) 


It riveted without fracture 
It increased tool life 25% 


In this all-out" war effort Monarch Steel is co-operating 100%. 
We're helping to “keep ‘em rolling” with Speed Case Steel. 


Licensee for Eastern States 


THE FITZSIMONS COMPANY 


YOUNGSTOWN, OHIO 


Licensor 


MONARCH STEEL COMPANY 


HAMMOND INDIANAPOLIS CHICAGO 
PECKOVER'S LTO... Toronto, Canadian Distributor 


MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS 


Vetal Progress; Page 562 


drawn appropriately required 
. sli ey 
physical properties (| F 


6 hr. would be typica Mon 
phere control in the h treating 
furnace prevents surtoce decar. 
burization —-a process that 
now relatively common in the 
malleable industry. (Other pearl. 
itic malleables are also being 


made, although often with higher 
manganese — for instance, “Gep. 
Steel” of General Malleable Corp 
analyzes more nearly 0.8) 
manganese.) Mr. Josern stated 
that ArmaSteel is 10 to 3 
more machinable than carbop 
steel forgings of the same Bri. 
nell hardness. Anything that 
improves machinability these 
days is worth attention. [I have 
no doubt that the greate; 
demands made on forge Shops 
and steel foundries will open up 
a lot of opportunities for cast 
irons, malleable irons and mod- 
ifications thereof, and I am sur 
that many of these, when estab- 
lished, will hold beyond th 
shortage that initiated them 
W. D. MacMILLan of McCormick 
Works, International Harvester 
Co., reported some work on 
annealing times as related to Si 
and Mn content. 0.38% Mn was 
reported as annealing success- 
fully. He also mentioned pro- 
ducing white heart malleable by 
annealing in an atmosphere 
carbon dioxide. 

Heat treatment of iron and 
steel castings is probably an old 
story to those who have mad 
serious efforts to improve th 
quality of the foundrymans 
product. Considerable possibi!- 
ities lie in the matter of “con 
trolled directional solidification 
Possibly this is nothing new 
the centrifugal casting, or eve! 
the chill casting. One o! ™) 
former students tells me of prac 
tices on alloy iron cran! shafts 
The molds are of dry sand, 
clamped between plates © d bal- 
anced on a trunnion. They af 
poured horizontally and medi- 


> 
ately turned vertically, y the 
riser up, giving greater ssure 


and feed. 
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feld—on many types of steels, and on various shapes. In 
many instances, quenching with this new medium has Me ff o 
resulted in amarked improvement in physical properties. Vcd 

Gulf engineers are at your service to consult with you o 
on your quenching problems. For further information, Coupon day . ‘ 


write today to Gulf Oil Corporation, 3800 Gulf Build- 
ing, Pittsburgh, Pa. 


Gulf Oil Corporation - Gulf Refining Company MP 
3800 Gulf Building, Pittsburgh, Pa. 
Please send me, without obligation, complete information on Super- 


Quench, your new dual-action quenching oil. 
Name 
Company 


Address_ 
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New Products Available 


Liquid Heat Exchanger 
Successful installations have 
been made in wire mills, heat 
treatment departments and chem- 
ical processes of new evaporative 
type unit for removing heat from 
various industrial lubricants and 
quenching baths. Unit consists 


of a casing containing tubes 
through which the hot liquid 
passes. Sprays drench the tubes 
constantly with water, and air is 
drawn through the casing by a 
fan, applying the principle of 
evaporative cooling. Only the 
water evaporated is consumed, 
saving 95° of the water ordi- 
narily used with shell-and-tube 
heat exchangers, it is said. Pro- 
vision is also made for a heating 
coil in the receiving tank, for 
reheating the cooled solutions as 
required for controlled tempera- 
ture quenching baths. (No. 30) 


New Cement 

New cement for laying insulat- 
ing firebrick is particularly suit- 
able when directly exposed to 
furnace temperatures over 1800° 
F. Because a “fired bond” is not 
attained at lower temperatures, 
back-up brick which are laid with 
this cement can readily be sal- 
vaged. Cement is said to provide 
improved workability, greater 


coverage, a high degree of bond- 
ing strength. (No. 31) 


Cleaner for Light Metals 
“Mattawan Al” is a cleaner 
for aluminum and magnesium 
sheets and castings. Used at a 
concentration of 4 oz. per gal. at 
160° F., it does not etch nor cor- 
rode aluminum sheet or castings 
even after 2 hr. immersion. 
Machined and polished magne- 
sium shows no weight loss or 
etching in 15 min. Specially suit- 
able for aircraft parts. (No. 32) 


Cutting Oil 

Sulphurized cutting oil for 
high carbon steels is said to have 
special properties which speed all 
machining of hard steels. Large 
sulphur content is responsible for 
cooler and faster cutting, it is 
claimed. This oil is transparent, 
enabling the machinist to see the 
cutting edge constantly—a 
highly important factor in preci- 
sion work. (No. 33) 


Painting Small Shell 

Recent development in paint- 
ing equipment is a standardized 
automatic machine for small shell 
parts, shot, and fuses. Machine 
coats exterior of 20-mm. shell at 
rate of 2000 per hr., and is built 
around a “chain-on-edge”, vari- 
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able speed conveyor Ufficien 
length to allow for 1) min for 
drying at a_ producti rate y 
1000 per hr. Spray g¢ are th. 
automatic air-piston ‘ype wiy 
adjustable spray contr No. 34 


Forge Welder 

Designed for resistance weld. 
ing of heavy sections and o 
special alloy steels, such as Hieeee, 
geneous and face-hardened 
mor plate, and for shipbuilding 
new “Temp-A-Trol” forge welde; 
both spot welds and heat treat 
the weld. Close control of si», 
and ductility of weld nugget, and 
its grain refinement, are thys 
obtained. Also said to ayojd 
annealing of hardened surfaces 
of the plates. Temperature at th 
weld itself automatically contro|s 
the current and operating eye) 
self-compensating for such varia 
tions as normal difference 
metal thickness, induction and 
short-circuiting losses, an 
presence of scale. Detailed infor 
mation furnished only to orga: 
izations engaged in or contracted 
to engage in war producti 


work. (No. 3 


Surface Measurement 
Profilometers (instruments 
for the measurement of surfac 
roughness and providing direc! 
dial readings in true inch unils 
are now available with a new 
accessory unit adapting them ! 
use with 115-volt, 50 to 60 eyel 
a.c. circuits. (No. 3 


Wetting Agent 

Improved wetting and emuls! 
fying agent, “Dresinate”, for us 
with all types of alkaline meta 
cleaners is said to assist thes 
solutions — and in certain app! 
‘ations to replace some of th 
chlorinated solvents, now scare 
The penetrant, a finely divides 
uniform powder, is available | 

(Continued on page 5/0 
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PART IN 


Armed Forces you will find 

National Quality Sand and | 
Permanent Mold Aluminum 

_ Castings. Because of our long ] 


experience in making quality 
products, we were selected to 


Make 
NATIONAL Your Source of Supply 


FOR SAND AND PERMANENT MOLD 


ss Twin Plants, Cleveland, Ohio © 


~NEW YORK, 111 Broadway Gn: CHICAGO, 188 W. Randolph 
DETROIT, Stephenson Bldg. LOS ANGELES, 405 S. Hill 


ALUMINUM CASTINGS 
NATIONAL BRONZE AND ALUMINUM FOUNDRY CO. 
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and other elements. Can be 


applied as readily as nickel- 
manganese steel rod and has at 


(Continued from page 568) least equal ductility and tensile 
practically unlimited quantities Strength. (No, 39) 
at a lower cost than the common 
‘ emulsifying agents used by the Drawing Furnace 
‘ metal cleaning industry. (No. 37) Said to speed the tempering of 
| tools, dies, small parts, and non- 
ba New Welding Rod ferrous castings in fact for any 
a Manganese steel welding rod work requiring the temperature 
iN known as “V-Mang” conserves range from 275 to 1200° F. 
4 nickel by using 12 to 14% man- Designed as a production furnace 
ganese, plus a litthe molybdenum and known as the “820”, it is 


FURNACES THAT SAY WAT 


In the heat treatment of shells and 
other defense products, Rockwell Furnaces 
speak for themselves. Here are several of the 
many types that say it—convincingly—in terms 
of production. 


18,000 LBS. PER HOUR . 


This Gas Fired Roller Hearth Annealing 
Furnace handles cartridge brass slabs. 
Construction is unusually rugged — the 
rolls are extremely heavy, and the drive 
and all other parts are capable of this 
extreme production rate. Driven rolls 
carry the slabs from the charging table 
through preheating, heating and cooling 
sections, and on the discharge table to 
the dump mechanism. 


3,000 LBS. PER HOUR 
A Gas Fired Revolving Annealing Furnace 
(Retort Type) that is a complete unit for 
washing, annealing and pickling 50 celi- 
ber brass cartridge cups in a continuous, 
even stream. A great producer, it is also 
exceptionally economical from the stand- 
point of labor, fuel and in the use of acid. 


A Revolving Hearth Type Shel! Nosing 
Furnace with openings around its outside 
circumference tor receiving the shells. 
Heating is so controlled that no distor- 
tion occurs below the taper during the 
press operation. Charging and discharg- 
ing from the same position requires only 
one operator—shelis being sent to him 
on a conveyor. The absence of a water- 
cooled chill results in a great saving of 
fuel. 


= » (2 


Because of standards already established, time-saving deliveries can be 
made on many types of Rockwell Furnaces that will step up your produc- 
tion. What is your heat treating problem? 
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compact, heavily lined h insy 
lating refractory, an uippe 
with two large atmosp rie jy». 
ners. Firebox size is |] ¥v 16 by 
14 in. No. 40 


Motor Blower Units 


Available in 16 mod appli. 
cable to industrial and comme 
cial ventilating, drying, heating 
cooling, and other us: Units 
are produced in one, two ay 
three-fan assemblies to mee: 
resistance up to 4-in. pressyr 


and in capacity from 880 to 42,60) 
cu.ft. per min. Fan speeds rang 
from 300 to 1750 r.p.m. Blowers 
may be secured with or withoy 
casings. No. 4] 


Cleaner for Welds 
Power-driven end brus! 
designed particularly to clea 
slag or scale from welds on insicd 
corners, as well as other lo 
tions difficult of access. Brus! 
will get into any space which 
accessible for welding. (No. 42 


Anti-Rust Oil 

“Micecroil” is a new anti-rust 
oil with high flash point and fast 
drying time (30 to 45 min.). Light 
in color and transparent, it di 
not change the appearance of th: 
part on which it is applied. Expo 
sure tests of coated steel panels 
show no appreciable change «| 
the end of a month in a typic 
plating plant. No deterioration 
was shown after 48 hr. in a con 
tinuous spray of 20° salt solu 
tion. Aircraft parts, gages 
precision tools, other machined 
or polished parts, and stampings 
‘an be protected. (No. 43 


Sequence Timer 

Weld and sequence time! 
developed for automatic resist: 
ance spot, butt or projection 
welding. Timer divides the tota 
time of a weld into the various 
intervals in which the welder gees 
through its operating 
and includes a “weld” period o! 
3 to 30 cycles when the ful ¥ eld- 
ing current flows. When welding 
thick plates, brass, or 
steel, timing facilities pam 
intermittent heating and ling 


steps of from 3 to 30 cy« 
4 
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YCLONE 


F elopment of the 
mt is a ce utilizing 100% 


CYCLONE 

2 
he type of work 
operé ations being 


100 Super-Cyclone 
service are: tem- 
lening, normaliz- 
use the work can 
lesired rate and 
definite schedule, 

s well suited to 

dizing, malleabl- 

ial heating opera- 
finite cycle. 


LONE BE 
MPERATURES? 


The te rature range of the 
. 250° F. to 1750° F. 
ial h nd control accuracy 
the 1 This feature of the 
es you a tempering, 
and normalizing 

nd makes it a flexible 
r medium heat treat- 
well as a heavy pro- 
init for the large shop when put 
n one type of job. 


YCLONE 


nating “one-sided” heat. The 
piled up or stacked up in the 
' nber, either on itself or on a 

it it is driven through it 
ity, heating each part 
accurately. The 100% 


nvection heating principle pre- 

it heat of a source hottcr 

sired work temperature from 

’ the charge and causing distor- 
me This proved itself in handling 20 


gears. When hardened 
x furnaces 85° went out be- 


RADIATION SUPER -CYCLONE 
meen 015" to 025". Straightening took 
pet wed worms. When hardened 
fem the Super-Cyclone, 90% required 
straighteni ne whatsoever, and the 


balance were out a maximum of .010”. 
Straightening time: 30 minutes. A reduc- 
tion of 7% hours straightening time per 
100 worms. 


5. HOW ABOUT FLOOR SPACE? 


OLD AREA ———> 


Asa general rule, based on what the 
Super-Cyclone has done in other plants, 
you can figure that this furnace will 
require only 4% the floor space of any 
other type of equipment to handle the 
same or increased production. At a 
large midwestern plant annealing grey 
iron castings, one Super-Cyclone using 
but 1/6 the floor area, replaced 8 radia- 
tion type box furnaces and turned out 
twice as much work! It would take 7 
box furnaces and 7 men to approximate 
the production of the Super-Cyclone 
shown on the opposite page. Another 
manufacturer, hardening worm gears 
found that one Super-Cyclone did the 
work of 3 box type furnaces occupying 
3 times the floor space. 


6. HOW ARE PRODUCTION 
POSSIBILITIES FIGURED? 


{ 
_-* 

r 


You can roughly check the pro- 
duction increases possible through the 
Super-Cyclone, by spreading parts to 
be heated on the floor, one layer thick, 
as laid out in a radiation heated furnace. 
Then take those same parts and stack 
them up in a 36” circle, 4° high, making 
allowance for spacers or supports. Fig- 
ure it will take a maximum of 3 hours 
to heat the stacked up parts on a fixture 
and 5 minutes to quench the lot. Ordi- 
narily you will find production increases 
of 200% to 1000% possible. The parts 
remain on the fixture for quenching 
and tempering, a substantial saving in 
handling. 


7. DOES THE NAME SUPER-CYCLONE 
MEAN THAT IT IS A LARGE 
FURNACE? 


No. A standard size Super-Cyclone 
is made with a chamber dimension as 
small as 16” diameter x 20” deep. The 
name Super-Cyclone denotes the abili- 
ty of the furnace to increase production 
and keep work straighter by using 100% 
forced convection heating with tempera- 
tures from 250° F. to 1750° F. 


“Super-CYcLone,”’ 


ed to it as the “Super.” 
mothing 
Cise 


ew product... 


t Treater “The Chinooker” 
t air) Breath of Sahara” 


like Topsy, just grew. During its infancy on 
wing boards, the engineers planning its potentialities, called it the 
“Super” Cyclone. Then came its adolescence in the shop where the boys re- 
When troubles developed, the service men called 
But whether it was affection, anticipation, or just the lack 
I , most everyone called it the “Super.” 
the advertising department we got excited at the prospect of creating a 
e tor U a name that would go down through the ages 
Buick, Bon Ami, Aunt Jemima, Carter’s Little Liver Pills, and many 
We burned the midnight oil with creative fervor .. . 
. “The Senator” (100% forced convection 
. and other names, equally as inadequate, 
conceived. Each new appellation was referred to as a name for the 
efore we knew it, we were calling it the “Super” too! When the 
— ) for want of a better name, we had to 
we as Un Super-Cyclone. We knew then, that we were but pawns in the 
i Fat . Our dream, of launching and christening this new furnace with 
e of ip” and a few well chosen words, 
in letting it be known as the “Super” Cyclone, the general 
w be that our advertising department had “gone Hollywood.” 
oon, 3 n the new installations came in sounding like letters from 
supie’ ind they continue to come. We know now, that this furnace by 
ne would be as remarkable. The “Super” has clicked in the field! 
lepartment still feels it owes an apology for the name “Super- 
performance is all that the name implies. 


nnounce it to the trade, 


“Little Demon 


had blown up in our faces. 


LINDBERG 


\GINEERING CO + 2448 WEST HUBBARD ST CHICAGO 


YORYZ. 


FOR SCALE-FREE AND DECARB-FREE 


STANDARD SIZES IN WHICH THE 
SUPER-CYCLONE IS AVAILABLE 


Delivery time is speeded considerably when 
Standard size furnaces are selected, rather 
than special sizes which must be drawn up. 
Drawings are available for the following 
sizes of Super-Cyclones all of which have 
been built and are in operation. Most are 
gas fired, although a number are available 


electrically heated. 


CHAMBER SIZE 
16” diameter x 20” deep 
deep 


26 
36” deep 
20 


x 
22” diameter x 
22” diameter x 
25” diameter x deep 
25” diameter x 30” deep 
25” diameter x 48” deep 
28” diameter x 
28 x 
28 x 
33 x 

x 


28” deep 

”" diameter x 48” deep 

”" diameter x 60” deep 

” diameter x 36” deep 
33” diameter x 48” deep 
38” diameter « 36” deep 
38” diameter x 48” deep 
38” diameter x 60” deep 
43” diameter x 48” deep 
48” diameter x 72” deep 
60” diameter x 36” deep 
60” diameter x 48” deep 
60” diameter x 72” deep 


100 SUPER-CYCLONE INSTALLATIONS 
ALREADY IN SERVICE 


IMPORTANT NOTE: Like all other Lind- 
berg developments, the Super-Cyclone has 
been thoroughly proved under 24-hour a 
day production conditions for a minimum 
of 12-months before announcement to the 
trade. Every effort has been made to re- 
strict the sale of these units until the pro- 
bationary period was completed. In spite of 
this, however, many of those who have seen 
the furnace in operation during the past 
18-months have quickly been aware of its 
production possibilities and requested that 
units be constructed for them. Thus, over 
100-Super-Cyclone installations are in serv - 
ice from coast to coast. One or more of these 
is near you, as is a Lindberg District Office, 
staffed by practical and competent sales 
engineers. The Super-Cyclone is not a cure 
all, nor do we represent it as such. It is 
speeding production, turning out straighter 
work, and cutting costs for many firms 
however, and we will be glad to survey its 


possibilities for you, on your work, at your 


request. 


HARDENING 


R-C 
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Calcium Metal * 


By A. B. Kinzel 


ALCIUM has been thought of 
‘e as a rare metal and has 
received comparatively little 
attention from industrial metal- 
lurgists. Its electrolytic deposi- 
tion from a molten calcium 


chloride bath was the first process 
to be used for commercial pro- 
duction, and is still the standard 
procedure. Production formerly 
was restricted to only a few 
plants in France and Germany. 

Investigations at the Union 
Carbide and Carbon Research 
Laboratories resulted in several 
novel methods for making the 
metal, as well as much informa- 
tion pertinent to the = standard 
electrolytic process, but no com- 


Economical AEROCARB carburizing 
materials produce rapid, uniform pene- 
tration in case depths from .002” to 
.030” in low carbon and medium alloy 
steels. Hardened parts are quickly and 
easily cleaned after an oil quench by 
washing in hot cleaning solution. 
Uniform results in every heat are as- 
sured by using an AEROCAREB A ac- 
tivator added at regular intervals to 
keep the molten bath in chemical bal- 
ance. This constant balance, moreover, 
ends the waste and delays caused by 
“bailing out’’. Important, too, is the 


AMERICAN 


FOR RAPID HARDENING, 
EASY CLEANING IN 
DEFENSE PRODUCTION 


& CHEMICAL 


A Unit of American Cyanamid Company 
30 ROCKEFELLER PLAZA, NEW YORK, N. Y. 


Courtesy of Indian Motocycie Company 


fact that drag-out losses can be kept to 
a minimum because of the exceptional 
fluidity of the AEROCARB bath. No 
expensive special equipment is required 

.. ordinary commercial pot furnaces 
can be used with the AEROCARB 


materials. 


Write for full information on AERO- 
CARB... AEROCASE*... and other 
carburizing and case hardening com- 
pounds made by Cyanamid. Cyanamid 
field engineers will be glad to consult 
with you to help solve your case hard- 


ening and heat treating problems. 
*Reg. U. S. Pat. Of 


CYANAMID 


CORPORATION 


DISTRICT OFFICES: 89 Broad St., Boston, Mass.; 401 N. Broad St., Philadelphia, Pa.; 
Russell! & Bayard Sts., Baltimore, Md.; 3333 Wilkinson Bivd., Charlotte, N. C.; 850 
Leader Bldg., Cleveland, O.; 20 N. Wacker Drive, Chicago, Ill.; Miller Road, Kalama- 
200, Mich.; 931 Fisher Bldg., Detroit, Mich.; 900 Shell Bidg., St. Louis, Mo.: Azusa, Calif. 
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mercial process was veloped 
However, in 1989 {| Electr 
Metallurgical Co. deci to pro. 
ceed with an industria ant. T 
insure early production |e stang 
ard electrolytic pi SS Was 


selected. Sault Ste. Marie, Mich 
where an affiliated com, LY Owns 

i large power plant and caleiyy 
works, was selected ay 
calcium metal was being mag 
regularly in the winter of 1939 
Its present capacity is many times 
that of the previous demand, anq 
the plant comprises many now 
features. 

The problem lies in the eo). 
lection of the metal.  Caleiyy 
reacts readily at elevated tem. 
peratures with practically all the 
elements except the noble gases 
In addition, metallic “fog” forms 
in the molten electrolyte — per. 
haps even a_ subchloride exists 
The need for extremely close con- 
trol is emphasized by the fact 
that the melting point of calcium, 
about 1500° F., is only 70° aboy 
that of molten calcium chloricd 
Calcium deposits in the molten 
state, but is collected as a solid 
by continuous deposition and 
freezing on the cathode, th 
motion of which is adjusted so 
as to remove calcium from the 
bath exactly as fast as it ts 
formed. The problem is further 
complicated by the generation o! 
chlorine at the anode, and by 
increased bath temperatures du 
to electrode effects (polarization 

A radical change in cell design 
has brought about much large! 
cells than used heretofore, with 
a corresponding reduction i 
costs. The Sault Ste. Marie plant 
is satisfying the domestic ceman¢ 
at prices commensurate will 
those current during the pas 
decade. Further, it has built up 
a working stock and can bh 
expanded as required. 

Calcium metal is available '® 
a number of forms. The crud 
‘carrot” produced in the cell 

(Continued on page °° 


*Extracts from Mini and 
Metallurgy, October 1941, 
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made only for 


Quenching 


FASTER, DEEPER, 
MORE UNIFURM HARDNESS 


This is no time to experiment with so 
important an operation as quenching of 
armament parts. ™ Most men in the 
metal industry, respecting Houghton’s 
half-century of experience extending 
over three wars, are choosing their 
guenching oil on the basis of our recom- 
mendation. * They realize that only 
an oil made solely for quenching will 
provide those qualities of quenching 
speed and uniform hardness, month in 
and month out. * For thousands of 
items involved in the war program they 
have come to depend on us for products 
and advice, both on heat treatment and 
metal working. And it’s our pledge not 
to let them down. * When you face 
a metal treatment problem, call on us. 


E. F. HOUGHTON & CO. 


Chicago — PHILADELPHIA — Detroit 
QUENCHING 
OILS 
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Calcium Metal 


(Continued from page 574) 
the simplest and cheapest. Car- 
rots are from 7 to 14 in. diameter 
and 7 to 25 in. long. Such metal 
is of high purity but contains 
entrapped calcium chloride, and 
the surface is covered with this 
salt. Carrots may be remelted 
and cast in molds, but all of the 


oxygen and nitrogen-bearing 
gases must be excluded from the 
furnace. Special molds are 
required and pouring technique 
is an art in itself. 

Two forms of cast slabs are 
produced, more or less as stand- 
ard. One weighs approximately 
20 Ib. and measures about 214 by 
16 by 25 in.; the other is much 
smaller in. thick, 3 by 8 in 
area weighing approximately 114 
lb. Turnings are likewise avail- 


Some day, you'll look 
up to this device 


BASIC 


in modern mill practice 


This is the patented, exclusive Kemp Industrial Carburetor, 
the machine that provides complete premixing of gas and air 
to provide new savings, new heat liberation, new flexibility 
and new control in almost every type of ferrous and non fer- 


rous heat processing. 


As the basic unit in Kemp heat treating the Industrial Car- 
buretor supports gas immersion melting in modern tin stacks, 
provides fuel for inert gas and for recirculating radiators in 
annealing covers, for Kemp Radiatube Roll Heaters, may 


set for exactly the desired flame characteristics whether r 


ducing, oxidizing or for complete combustion . . . and sav 


15 to 40 percent in fuel. For engineering details and assist- 
ance, address The C. M. Kemp Manufacturing Gens 
pany, 405 East Oliver Street, Baltimore, Maryland 
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able. Cylinders are cas 


- pre Xl- 
mately 25 in. long an in. in 
diameter with or witho) center 


hole 2 in. in diameter 
calcium is commerei \ 
from chloride. Whey 
extremely high degree 


I] cast 
an 
purity 
is required, cast caleium may b 
distilled in high vacuun 

Calcium metal is used as 
“deoxidizing” 


» nucleation, or pre. 
cipitation agent when added 4 
non-ferrous metals: as » deoxi- 
dizer, sulphide former, and seay. 
enger when added to ferroys 
metals; as a reducing agent fo) 
the preparation of the more diff. 
cultly reducible metals eithe 
directly or by the hydride rout 
and as an absorbent for OXYger 
hydrogen, nitrogen, and othe: 
gases in chemical processes 

The use of calcium in th 
metallurgy of magnesium is mos! 
common. Additions up to 0.25 
result in an improved surface 
magnesium alloy castings: th: 
metal retains a refined grai 
which shortens subsequent heat 
treating cycles. 

Calcium has been used fo 
deoxidizing aluminum castings 
in refining secondary aluminum 
and in maintaining lead in the 
emulsified state in leaded coppe! 
bearings. Hardened lead alloys 
made with small additions 
calcium metal to cable sheathing 
and to battery plates, may be o! 
real economic and strategic valu 

Calcium probably has specifi 
effects in steel making in additior 
to those obtained from calciun 
when used in the form of a com 
plex alloy containing other reac: 
tive metals. Ready combination 
with oxygen and_ nitroger, th 


formation of a different type ©! 


sulphide, and a change the 
nature of the non-metallic inc!- 
sions when calcium is added as # 
metal are most important and ar 
the major reasons for ils Us 


Today calcium, at its presen! bas 


price of $1.25 per Ib. less 
expensive than several 
common industrial use. 
look forward to a stable d stk 
industry, and increased us 
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use Alkaline Platin 


ELECTIVE nitriding of steel parts for defense equip- 

ment doesn’t have to be a problem if the right pro- 
tective or stop-off agent is used. Tin plating, properly 
applied, gives excellent protection. The plated portions 
are unaffected by subsequent nitriding and retain their 
softness. Only a thin coating of tin is required but this 
surface must be uniform and dense, in order to get full 
protection. 


For this type of work, the alkaline tin bath (Sodium 
Stannate-Acetate) has decided advantages over acid tin 
plating. The solutions are easily made up, controlled 
and operated. Throwing power is excellent. Thin and 
thick coatings with good adherence are readily obtained. 
The deposits are free from organic matter; nothing 
plates out which will carbonize at nitriding tempera- 
tures. The sodium stannate bath consistently produces 
smooth, fine-grained, uniformly distributed deposits of 
the required thickness, thus minimizing rejects. This 
is particularly important since expensive steels are em- 
ployed and usually expensive preparation is required on 
pieces to be nitrided. 

Further information about electrotinning by the So- 
dium Stannate-Acetate process and treatment of steels 
can be obtained from our nearest district office. 


E. Il. pu Pont pE Nemours & COMPANY 


INCORPORATED 


WILMINGTON, DELAWARE 
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Electroplating 


(Continued from page 521) 
amount of tin used by as much 
as 40% as compared to hot 
dipped coatings, and the result- 
ant containers are safe for use 
in packing dry products and non- 
edible materials. 

A direct use of tinplating in 
the Victory program, besides 


coating to resist corrosion, is in 


the nitriding of steel parts. 
Whereas copper will prevent the 
passage of carbonaceous gases, 
it will not prevent ammonia from 
diffusing through, and depositing 
nitrogen in the surface layers of 
the steel. Tin, however, does just 
that, so parts to be partially 
nitrided are stopped-off with a 
tinplate. The plating bath for 
this purpose is usually an alka- 
line stannate; thickness depos- 
ited varies from 0.0002 to 0.00038 


The Bullard-Dunn Process speeds up cleaning and descaling operations because it works rapidly 
and because it can be conveyorized. Scale-free and heavily scaled parts can he treated at the same 
time without damage to the former. Where work is to be electroplated, the scale or oxide removal and 
the plating can be done on the same conveyor. This eliminates unnecessary handling and times the 
operations to the minimum required, thus assuring a uniform and rapid flow of production. Bullard-Dunn 


has been used for years by many well known companies. 
plane engines, for example, has eleven operating units. 

Notice the features listed at the right. If your present cleaning 
and descaling method lacks even one of these features, write today 


for booklet giving complete information about the Bullard-Dunn Rapid and economical 
Process. Easy to operate 
THE BULLARD-DUNN PROCESS DIVISION imensional 
OF THE BULLARD COMPANY > — changes 
BRIDGEPORT CONNECTICUT 0 etching 


Se | Produces chemically clean 


One of the two largest manufacturers of air- 


CHECK THESE FEATURES 


ani Descales recesses 


in. Excess thickness just py 
prevented, else difficult may }, 


encountered in the (ridin, 
operation because of the oy 
melting point of tin. itriding 


is performed near 975° FP. ang 
tin melts at 450° F.; molten tip 
must not drip off onto bore ste) 
parts, else a soft spot wil! result. 
Since steel will pick up by dif. 
fusion about 0.0003 in. of tin 
before the tin even starts to ryp 
by capillary action to adjacent 
surfaces, it becomes possible to 
keep the nitriding operation 
within proper bounds by setting 
a maximum limit to the tin elee- 
trodeposit (0.0003 in.). 

Zinc — Electrogalvanizing is 
now in widespread use through- 
out our war industry. Methods 
used parallel those for electro- 
lytic refining, a process commer- 
cial for 25 years, wherein zinc 
solutions are made from the ore 
Electrodeposited zine coatings on 
steel wire were described in 
MetTaL ProGRESS in May, 1937; 
continuous zine coatings are now 
made on wide steel strip. 

Zinc is plated on many small 
parts interchangeably with cad- 
mium wherever good resistance 
to corrosion is desired. Many 
parts of the “jeeps” and other 
“rolling stock” for army locomo- 
tion are now zinc plated. A hun- 
dred and one appurtenances of 
both Army and Navy are now 
specified “to be zine plated” 
Fortunately the available supply 
of zine is more generous than of 
any of the other common metals, 
and so far no limitations have 
been placed on its use by the 
plating industry. 

Conclusion — In this small 
space allotted we could not hope 
to mention, even, all the applica: 
tions for plated metals and elec- 
trodeposited tarnish resistant 
finishes in our war effort, nor 
could we go into detail on them, 
for obvious reasons. However, 
some of the causes have bee? 
pointed out why the elect: plat 


y ing industry, almost flat its 
HO FULL-AUTOMATIC, fee descaling back a few short month I 
+ COMPACT : now alive and kicking. 2 


Metal Progress; Page 580 


4 
‘ 
; 
& 
te 
, ~ > 
3 
BEFORE 
on 
4 
id 
d 


a 


Latrobe’s Molybdenum-Type High Speed Steels have | 5 
been thoroughly perfected to meet today’s varied and 
exacting cutting applications with increased tough- 


ness, improved efficiency and lower cost! @ We can 


help you select the correct Molybdenum Type to 


best serve your particular requirements. Write. A \ 


VAIN OFFICES and PLANT -+- LATROBE~ PENNSYLVANIA 
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Saving Chromium 


(Continued from page 509) 
charge contains 0.40 to 
chromium. The slag volume 
must be kept low and the lime- 
silica ratio low (below 2.4). 
After rapid and thorough reduc- 
tion, part of the slag should be 
skimmed a short time’ before 
final additions. The ferrochro- 
mium may be preheated more or 


less according to the quantity to 
be added and the temperature of 
the bath determined when tak- 
ing the spoon samples. If only 
a small quantity is needed or if 
the temperature is high, cold 
ferro may be added. Its quantity 
is adjusted according to the oxi- 
dation loss anticipated and 
according to the percentage of 
chromium expected to be 
reported for the last spoon sam- 
ple on the basis of preceding 


4 


QUICK 
ACCURATE 
LOW ZERO ERROR 


The H. F. Moore extensometer is 
ideal for determining yield strength, 
elastic limit and proof stress, as stip- 
ulated in Federal Specification 


QQ-M-151 a. 


In addition to low zero error its 
large dial gage easily permits the 
reading of strains down to 0.00002 
inch per inch of gage length. The 
gage is easily attached by screws 
which hold it firmly in position. 


Adaptable to a wide variety of test 
pieces from 0.505 to 2 inches in thick- 
ness the H. F. Moore extensometer 
accurately averages strains on both 
sides of the specimen. Extension rods 


quickly convert it from 2-inch to 8-inch 
gage length. Write for Bulletin 
153-A describing Southwark’s line 
of strain gages and extensometers. 


Baldwin Southwark Division, The 
Baldwin Locomotive Works, Phila- 
delphia; Pacific Coast Representative, 
The Pelton Water Wheel Co., San 


Francisco. 


DIVISION OF THE BALDWIN LOCOMOTIVE WORKS 
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spoon samples and th 


of 
the melting. 
The statemen 
t th Manga. 


nese and chromium acid jp the 
same way during th 
Stages, and that chromium wa 
in fact easier to reduce {rom th. 
slag than manganese, broy ht 
protests from some of - 


refining 


ne audi. 
ence. One observed that jn prac. 
tical steel making the eduction 
of chromium offers far greate 
difficulty than manganese, Thys 
it is possible to obtain a satisfye. 
tory reversion of manganese 
from slag to metal with 2% of 
manganese on the charge since 
the slag is active, whereas with 
2° of chromium on the charge 
adequate control of the heat js 
nearly impossible because of high 
viscosity of the slag. 

Scientists from the Nationa! 
Institute for Iron Research con- 
firmed both statements from an 
extended scientific study of the 
problem, as yet unpublished 
W. OEeLSEN said that the differ- 
ence between theory and practice 
was, in the main, a question of 
the melting temperatures of the 
slags, which increase with 
increasing chromium oxide con- 
tent. That the recovery of chro- 
mium is considerably lower with 
increasing basicity of the slag is 
not so much due to the fact that 
chromium oxide is more stable 
in basic slag as to the fact that 
the slag becomes thicker the 
more basic it is. The influence 
of the lime-silica ratio is there- 
fore due less to chemical than | 
physical causes. The basictt) 
range of 1.6 to 2.4, in which th 
reduction of chromium ts satis 
factory, is obviously characte! 
istic for slags of low viscosity 

F. KOrBer also said if ts col 
siderably easier to reduc: chro- 


mium than manganese if 
slag: it is also easier to reduc 
chromium from acid than tre" 
basic slags. Chromium 
silicates in acid slags, an whil 
it is present in the t n 

chromic oxide in basic slags 
apparently it does not « ibin 
with lime. 6 
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These metallurgical operations and problems have been vastly 
multiplied by War. They have created a crying need not for pro- 
duction equipment alone—but for helpful information as well. 


Metal Progress has gone to the metallurgical readers them- 
selves to get an exact and up-to-the-minute inventory on these 
metallurgical problems and requirements. Metal Progress is ready 
and eager to place this inventory in your hands, to help you get 
vital facts out of your files and info the hands of men on the war 
production firing lines. 


This inventory of information is a compilation of many hun- 
dreds of specific comments, questions and problems gathered from 
readers themselves. 


Why not take a fresh look at the metallurgical operations 
involved in metal working and metal production, and at the impor- 
tant part which metallurgical men play in this tremendous market. 
Let us show you the statements of the readers themselves. Let 
them tell you how and where and why your products and engi- 
neering information fit into their field. 


With metals playing so vital a war-time role, the metallurgical 
engineer, the metallurgist—the metal expert, whatever his title— 
has an all-important voice today in war production—a voice that 
will be dominant in the post-war markets of the metal industries. 


METAL PROGRESS 


7301 Euclid Ave. - Clevelend, Ohio 


May we prepare a comprehensive story for you, based on this in- 
ventory of last-minute information? You will find that it will pay you 
to cultivate this big industry through Metal Progress—tops in metal- 
lurgical circulation at 14,700 net paid. 


$01 EUCLID AVERBE cLEVELARSB. onto 
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Tinning 


(Continued from page 500) 
exhibit “subnormal” or “diffi- 
cult” tinning quality. 

®. Articles and components 
which have been pressed or spun 
with the aid of lubricating com- 
pounds, and particularly those 
which have received interstage 
annealing, are liable to be “sub- 


normal” or “difficult” in tinning. 

6. Material which carries a 
residual film of drawing com- 
pound and has been held in 
stock for a long period may be 
“subnormal”. 

7. Steel wire may be “sub- 
normal” or “difficult”. 

A common factor of the his- 
tories of the steels of “difficult” 
tinning quality is that they have 
been cold worked in the pres- 
ence of lubricants and more 


9 


Front view of AMCO Rotary Hearth 


.. doing it Ameritas 


| 
AMCO Heavy Duty Furnace for large forgings; fired 
with Pulverized Coal; automatically controlled. 


AMCO Continuous Charging-end-fired Slab - heating 
Furnace combined with AMCO Recuperator. 


The AMSLER-MORTON 


SULTON - Pa 


Program 


@ The remarkable comparative production records 
being compiled by AMCO Ordnance Furnaces are 
truly significant. They mean that AMCO builds these 
furnaces up to the standard of its regular commer- 
cial equi »ment and not merely for a quick turnover.” 

The new AMCO Principle and Method of ‘Artificial 
Loading’ increases the efficiency, production and 
uniformity of all batch-type furnaces. Guns, tanks, 
armor-plate and other ordnance furnaces may be 


improved with this new AMCO principle. 


if you are confronted with variables and losses 


due to non-uniform heating, put it up to AMCO! 


Metal Progress; Page 588 


particularly that a 
annealing process 
undertaken without 
of the lubricants. 
For many years 
known variously a 


oTeas 
burning”, “burning off 
“flaming” has been u by ti 
ners to improve the ti: ng qu 
ity of “difficult” steels. Gener, 
the articles are heated in an oy, 
or muffle furnace to be! ween 
and 900° C. The operation, hoy 
ever, will be success{ only 
the heat treatment is «) vised 
suit the particular steel. Ty 


actions take place: Residy, 
grease and dirt are convert 
into more easily remoyab| 
bodies, and the surface of 
article is oxidized and is thy 
removable by subsequent pick 
ling. These facts underlie t} 
following recommendations | 
rectification by heat treatment 

As a preliminary, grease 
removed by an alkaline dete 
gent. The metal is then plac 
in a muffle furnace at a pi 
determined temperature, allow: 
to remain only for suffici 
time for the whole charge 
reach the working temperatur 
removed and allowed to coo! 
Loose scale is brushed off and 
the material pickled. It is the 
ready for tinning. (If the mate- 
rial is dipped in old pickling 
liquor prior to inserting in th 
furnace, a loosely adhering seal 
is produced. Much of this may 
be brushed off and pickling costs 
thus reduced.) 

The correct temperature 
determined as follows: The first 
trial is conveniently made 4! 
1500° F. If de-wetting sli! 
occurs, the heat treatmert tem- 
perature is raised to 1600° F. I! 
on the other hand, it yields 
satisfactory coating, further 
trials may be made at succes 
sively lower temperatures unti 
de-wetting occurs. If 100 I 


steps are taken, de-welling wil 


te 
normally arise quite de! ely a 
one step. For produc! = 
hea 


poses, it is convenien! 


(Continued on pag 


‘i mi Furnace, including control panelboard, for 
| heating all sizes of billets for shell forging. 
| 
he 


~ortable Foundry Pyrometer 
with a Shock-Resisting Movement 


every non-ferrous foundryman will agree that a reliable 
ter is indispensable for the production of sound castings 
est costs. 
want a rugged, durable pyrometer—one that will and can 
riven hard use—one that you can use anywhere either on the 
ring floor or in the furnace room. 
Heretofore, pyrometers sold for foundry service have too often 
ved delicate and fragile, requiring frequent attention and re 


Now, in the “Alnor” Pyro-Lance, is a pyrometer for molten non 

rous metal temperatares that is rugged and shock-resisting. 

The Pyro-Lance is a completely self-contained portable instru 
ment that will help you lower costs by reducing scrap losses, cut 
your fuel consumption, improve your castings and speed up pro 
duction. 


Minois Laberatories hac 


420 N. La Salle St. Chicago, Ill, U. S. A. 


ON DISPLAY 
iT THE 


FOUNDRY SHOW 


CLEVELAND - April 20-24 


Booth - 117 


The Type 2981 I’vro-Lance is 


equipped with the enclosed ther- 


mo-couple, originally developed 
in the plant of the Ohio Brass 
Company and which has been im 
proved and adapted to the Pyro- 
Lance This thermo-couple is 
especially suited for molten brass, 
bronze, copper, aluminum bronze, 
magnesium illoys and = similar 
metal where the temperatures 
ure inder 2250 degrees F It 
should not be used for nickel, 
monel or other alloys where the 
temperatures exceed 2300 deg. F 


Not only is the life of this 
hermo-couple longer than bare 
wire thermo ouples, but because 
its construction, it assures a 
reading at the tip of the thermo- 
ruple rhis enables a true read 


ing to be taken below the sur- 
face of the metal unaffected by 
dross or surface conditions and 


immure to fluctuating readings 


Write for details 


Wheelock, Lovejoy & Co., Inc. 


Main © ices: 134 Sidney St., Cambridge, Mass. 


to Speed Production! 


No. 820 for Tempering and Drawing 


Compact — Easily Moved 


HIS new Johnson Furnace is defi- 

nitely designed to take the OF- 
fensive in speeding production. Use 
it for any job requiring 275° to 1200 
F. ... for tempering of tools, dies, 
small parts, non-ferrous castings and 
parts, for heating aluminum forgings 
and rivets! It's built to stand up un- 
der the most strenuous use, yet re- 
quires small floor space. Heavily 
lined with insulating refractory, and 
equipped with 2 large Johnson atmos- 
pheric burners, placed to give even 
heat thrueut the combustion cham- 
ber. Self-aligning, counterbalanced 
door is well insulated to reduce heat 
loss, and is easily controlled by a 
crank. Two Allegheny metal shelves 
hold parts being treated. Firebox 16 
wide, 16° deep, 14° high. $450 F.O.B. 
Factory. Automatic temperature con- 
trol available at extra cost. 


Sales Offices: 

Bourse Bidg., Philadelphia 
120 Liberty St., New York City 
Cc. B. Babeock Co., 475 llth St., 

San Francisco 
FREE Full Information and 
Catalog, Write— 


561 E Ave. WN 


es JOHNSON GAS APPLIANCE CO. 
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For instance, clean steel cold 


{ Ti 

. inning rolled to a very smooth surface 
i> in grease-free equipment tins in 
te a normal manner, as does a 
Hi (Starts on page 900) freshly machined, degreased sur- 


treat higher than the tempera- 
ture at which de-wetting arises. 
Experiments quite clearly 


face. Hence “difficult” steels 
may be rectified mechanically 
by removing the imperfect sur- 


prove that de-wetting is a sur- face by shotblasting, sandblast- 


face phenomenon, and not con- ing, grinding or filing. Very 
nected with the nature of the light treatment only is neces- 
steel or variations in its chemi- sary. Care should be taken to 


eal analysis or microstructure. avoid contamination of the 


ae MAINTAIN ACCURACY with 
4 JESSOP NON - SHRINKABLE | 
: DIE STEEL. 


The high resistance to distortion of Jessop TRUFORM is an effective answer 
to tool making labor shortage. TRUFORM can be used to advantage by both 
the unskilled worker and the veteran of the trade. 


This non-deforming quality makes TRUFORM the ideal material for use on 
intricate tools and dies where resistance to distortion is a necessity. TRUFORM 
retains shape accuracy which eliminates expensive and time-consuming re- 
placements before the tool or die is put into use. TRUFORM is easily 
machined — another important factor in reducing tool and die costs. Write 
for descriptive literature. 


TYPICAL APPLICATIONS OF TRUFORM 


Forming Dies . Blanking Dies . Drawing Dies « Lamination Dies . Burnish- 
ing Gears . Paper Knives . Milling and Form Cutters . Special Gauges 
and Master Tools . Punches . Taps and Reamers . Thread Rolling Dies .« 
Press Tools of Intricate Designs . Screw Dies . Needle Swaging Dies . and 
for many other precision instruments or dies. 


There is a JESSOP steel for every tool and die requirement. 


JESSOP STEEL COMPANY 


General Offices 


WASHINGTON, PENNA., U.S. A. 


FOR AMERICA 


JESSOP STEEL AND HER ALLIES 


CARBON . HIGH SPEED - SPECIAL ALLOY - STAINLESS . COMPOSITE STEELS 
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treated surface by oil sre 
since it may be foun flicu lt 
to remove this from 
ent rough surface. r th 
mechanical treatment 
face is degreased if Ssan 
lightly pickled, prefera in 4 
inhibited acid bath, and js th, 
ready for tinning. 

The troublesome surf, 
may also be removed hy de 
pickling. Sulphurie and hydro. 
chloric acids are not fo. di ve 


suitable, because “over pickling 
may supervene before th, 
de-wetting tendency is overconm, 
Dilute nitric acid, howeye, 
under controlled conditions 
gives the necessary smooth a) 
rapid attack. 

The following recommend 
tions and precautions ai 
olfered: 

The material should | 
degreased before deep pickling 

Rust and seale should | 
removed by normal pickling 
before deep pickling, since nil 
acid does not attack these effe 
lively. 

Care should be taken to pr 
vide adequate ventilation of nm 
ious vapors and spray. 

The temperature of the acid 
should on no aceount b 
allowed to rise above 100° | 
This will do much to minim 
fuming. The rate of attack slows 
down appreciably below 70 | 
and the recommended working 
range is 75 to 85° F. 

Acid strength may be 10 | 
by volume of 1.42 
commercial nitrie acid; th 
higher concentrations give co! 
respondingly shorter pickling 
time. The minimum time con 
sistent with good tinning quali!) 
should be used. Generally 20 
acid will be found suitable, ane 
2 to 4 min. sufficient. 

After deep pickling, lunge 


the metal into cold water ane 
wash under strong jets by 
vigorous swilling. If the mate 
rial must be stored be! tin- 
ning the storage tan! ate! 
should be slightly more ac | 
usual, e.g. 2 to 4% HC! m 
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